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CHAPTER I. INTRODUCTION 
Crop production today involves the passage of wheeled or tracked 
vehicles on the soil for primary and secondary cultivation, sowing, • 
spraying, and harvesting operations. However, soils which have been 
cultivated to provide a medium for root growth will not generally have 
the strength to subsequently support heavy vehicles without considerable 
compaction and rutting. These effects render the soil less suitable for 
crop growth and hence necessitate corrective measures before the next 
crop can be grown, such as more intensive or deeper primary tillage. 
These operations increase the costs of production and are rarely 
completely effective (Soane et al., 1982). 
The magnitude and frequency of vehicle compaction on farm fields 
has been described by many workers. McKibben (1971) reported that 
average tractor power increased at about 5-7% per annum from 1948 to 
1968, and Soane et al. (1982) indicated that the average power of 
tractors in U.S.A. increased approximately 30 percent over the decade of 
1965 to 1975. Schuler and Lowery (1986) indicated that in Wisconsin and 
other dairying states, liquid manure spreaders have become machines of 
much concern with respect to soil compaction. Not only has the weight 
of manure tanks increased, with many being in excess of 222 kN, but 
also manure application often occurs when soil is moist and most 
susceptible to compaction and under those conditions compaction effects 
penetrate deeper into the subsoil. 
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The frequency of traffic in farm fields is another concern in 
modern agriculture. Voorhees (1977a) found that for six operations in 
growing maize, the tractor's dual tires, each 450: mm. wid'^i.^.jriJJ. cover 
the field approximately twice. Eriksson et al. (1974) reported that 
over a year the total wheel traffic coverage over a cereal farm can be 
four or five times the field area, while still higher coverage will 
occur with some non-cereal crops. 
There can be significant reductions of crop yields due to soil 
compaction caused by heavy machinery traffic in farm fields. The 
adverse effects of traffic on soil physical properties have been 
documented by Chancellor (1976), Davies et al. (1973), Amir et al. 
(1976), McKyes et al. (1979), Raghavan et al. (1976, 1978, 1979a, b, c, 
d) and Soane et al. (1982). The resulting changes in the soil-air-
water matrix can cause large reductions in plant yields. Phillips and 
Kirkham (1962) reported a com yield reduction of ten percent due to 
compaction. Feldman and Domier (1970) observed reduced wheat growth 
after increased machinery traffic. Lowery et al. (1970) reported cotton 
yield reductions due to compaction. Raghavan et al. (1979a) observed a 
corn yield reduction of 40-50 percent in plots with higher wheel contact 
pressures and multiple wheel passes. Similarly, corn yield reductions 
of up to 50 percent were reported in heavily compacted soils by 
Raghavan et al. (1979d) and Raghavan et al. (1977). Negi et al. (1980) 
recorded undersirable changes in soil density and crop growth due to 
machinery traffic. 
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The effects of compaction on yields are not always straight 
forward. Pollard and Elliot (1978) in a compaction study observed 62 
and 19 percent reductions in barley yields during first and second 
years respectively. A relatively smaller reduction in the second year 
was attributed to ample moisture availability during the crop season. 
Voorhees (1977b) reported that wheat planted in wheel tracks in a 
relatively dry year yielded 0.9 t/ha more than on untracked soil, but 
I t/ha less in a wet year. He further reported that during a dry year 
the yield of soybeans was 25 percent higher where wheel traffic had 
occurred on both sides of the row than where it had occurred on one side 
only. Chancellor (1976) concluded that cotton experiments at many 
locations in the U.S.A. have shown a wide range of yield responses to 
compaction, sometimes positive, sometimes negative and sometimes without 
effect. In view of the variable crop responses to compaction, some 
scientists state that soil compaction can be potentially disastrous for 
crops, while others still question the degree of seriousness (Morling, 
1982). 
The preceding discussion does not negate the importance of compac­
tion studies, but urges a need for further studies that may lead to a 
more complete understanding of soil compaction-yield relationships. 
There is also a need to know the economic consequences of soil 
compaction. The annual losses in crop yields due to soil compaction in 
the U.S.A. have been reported to be worth about $1.18 billion (Gill, 
1971). Yield reductions will vary with respect to location, season. 
4 
soil type and crop. The most serious losses can be expected with 
non-cereals grown under irrigated conditions. In California 800,000 ha 
of crop land, much of it under irrigation, were estimated to be 
affected by compaction to the point where yields of crops were,reduced 
(Flocker, 1976). In addition to yield reductions, compacted soil also 
costs in terms of ameliorative cultivation. A soil which has been 
subjected to intense wheel traffic will require the input of considera­
bly more energy to bring it to a given level of looseness and comminu­
tion for a seedbed than would be otherwise the case. For a given 
operation, for instance plowing, the specific soil resistance increases 
rapidly as the level of compaction increases (Chancellor, 1976). 
Voorhees and Hendrick (1977) found that in Illinois the draft for 
plowing a silty clay soil increased by 92% as a result of previous high 
compaction. The power requirement increased by an even greater 
proportion due to increased wheel slip. Voorhees (1979b) indicated that 
fuel consumption for plowing increased by 19% as a result of one 
previous tractor pass. Considerable additional energy is needed to 
break up clods produced during plowing the compacted soils (Chancellor, 
1976). Chancellor further states that cultivation of compacted soil 
imposes another penalty in the form of tool and tire wear. Cultivator 
tines and drill coulters which run in the same line as the tractor rear 
wheel are subject to greater wear than the tools running in untracked 
soil. Wheel slip may increase when compacted soils are cultivated. 
Voorhees and Hendrick (1977) reported that a five percent increase in 
5 
slip may result in 20% greater tire wear. Due to ever increasing costs 
of fuel but relatively smaller increase in the value of crops, deep 
cultivation may have to be abandoned (Elliot, 1979),. 
Although compaction may either enhance or inhibit crop establish­
ment, growth, and yield, depending on the complex interactions between 
the crop, soil type and weather conditions, there is increasing evidence 
of the widespread harmful effects of compaction by modern agricultural 
vehicles (Soane et al., 1982). In view of the penalties associated with 
compaction, its reduction within the economic constraints of practical 
farming is a worthwhile objective and research has already indicated a 
number of options in the use and design of wheeled vehicles which could 
materially reduce compaction. There are three primary ways of reducing 
the compaction: (1) reduction of number of passes of conventional 
machinery; (2) reduction of vehicle mass and the soil contact pressure 
of wheeled systems; and (3) confinement of traffic to permanent or 
temporary wheel tracks (controlled traffic). The costs of adopting 
various options for reducing the intensity of compaction in field soils 
vary widely, as does their effectiveness. The first two options can be 
undertaken at modest cost but their effectiveness is questionable. For 
example, the reduction in number of machine passes makes little 
difference. The first pass of a tractor on a plowed soil would compact 
it ten times as much as a second pass or subsequent passes (Nelson etal., 
1975). The reduction in vehicle mass, that is using smaller tractors, 
will not do much good either. A smaller tractor uses narrow implements 
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and therefore needs more trips over the field thus maintaining the 
same rut volume (Chancellor, 1976). As a final resort, controlled 
traffic has become a subject of great interest and enthusiasm. 
The subject "controlled traffic" refers to a specific discipline 
of operation for fam equipment in crop production (Morling, 1982). 
The discipline is that all mass load bearing wheels and tractive energy 
wheels operate on specific limited width compacted traffic paths within 
the crop area. This is for all types of equipment used in the crop 
area within a year, and from year to year. This does not, of course, 
include depth gaging wheels and seed firming wheels which must operate 
in close proximity to the functional portion of the implement for their 
respective purposes. The basic purpose of the discipline is to 
eliminate soil compaction in the crop area; in other words to divorce 
the traffic from the crop zone. 
The concept of controlled traffic is not new. Toward the end of 
the 19th century, winch operated plows and other cultivation implements 
were widely used with steam traction engines which, due to their consid­
erable mass (about 15-20 t) and poor maneuverability, were confined to 
headlands. The use of permanent railway lines, to provide support for 
steam-powered platforms from which all operations would be conducted, 
was advocated at that time (Soane et al., 1982). The track width used 
in the preliminary trials was 9 m. 
The permanent bed system of crop production is now being examined 
experimentally for large scale agricultural crops. Initially the 
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approach was to use conventional machinery with the axles extended to 
about 3 m. Marked reductions In soil compaction and Improved cotton 
yields were obtained at the U.S. National Tillage Machinery Laboratory 
(Dumas et al., 1975). An electronic guidance system was used to ensure 
the greatest possible precision in alignment of the wheels. Cotton 
grown at 1.03 m row spacing gave yield Increases of 48% compared to 
conventionally cropped areas. The looseness of the no-traffic area, as 
indicated by a penetrometer, persisted from one season to the next, 
which confirmed the value of permanent wheel tracks. 
Although experience with controlled traffic systems is very 
limited, it is clear that they provide the potential for far reaching 
Improvements in soil and crop management. While a realistic and fully 
quantitative assessment of controlled traffic systems has yet to be 
made, enough Is known to indicate that the subject is of considerable 
importance In commercial crop production. In view of the likely 
Importance of controlled traffic but lack of enough information, 
additional studies are required involving a variety of crops, soils and 
climate conditions. 
Objectives 
The present study was conducted to evaluate soil and corn growth 
responses as influenced by: 
1. wheel traffic on both, one and neither side of corn rows, as 
well as response to traffic on top of the row. 
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2. tilling or not tilling the wheel tracks (trafficked inter-rows) 
after planting. 
3. preplant chiseling or no-tilling in combination with wheel 
traffic and tilling of tracked inter-rows. 
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CHAPTER II. LITERATURE REVIEW 
The mechanization of crop production is increasing in most parts of 
the world. In many countries this is viewed with concern because of the 
compaction which results when wheels pass over the soils used as a 
growing medium for crops (Barnes et al. 1971; Eriksson et al. 1974; 
Chancellor, 1976). A considerable amount of research on the incidence 
of compaction and its interactions with soil, machine, and plant has 
already been done. Salient features of the research pertaining to the 
present study are reviewed and discussed. 
Factors Affecting Soil Compaction 
An understanding of the factors which determine the depth and 
degree of soil compaction is imperative prior to undertaking a compac­
tion study. The factors are: 
1. Soil type - in general, compaction presents a greater problem 
for clay soils than for sandy soils (Harris, 1971). Even 
though clay soils generally have a larger porosity than sandy 
soils, virtually all of the pore spaces in sandy soils are 
macropores (Foth, 1978). After compaction has occurred, there 
are still large proportions of macropores in sandy soils. 
Because the large pores are efficient in movement of air and 
water, compacting a sandy soil will not significantly impede 
the movement of water and air. Warkentine (1971) indicated that 
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compaction was most easily achieved with soils consisting of 
different sizes of grains, where smaller grains can roll into 
voids between larger ones. 
The crop responses to compaction also depend on clay 
contents of soils. Yields indicated large negative effects of 
compaction on soils with high clay contents compared with the 
soils low in clay contents (Rosenberg and Willits, 1962; 
Hakansson, 1982). This suggests that when explaining compac­
tion responses of a soil, its texture must be considered. 
Soil moisture - the relationship between moisture in soil and 
its compactibility is complex. In Davidson loam soil. Weaver 
(1950) found that dry density of soil decreased with increasing 
compressive stress (at 0-5% moisture content) due probably to 
slight increases in soil cohesion. Further increases in soil 
moisture, however, had a lubricating effect and a gradual rise 
in dry density. Beyond peak dry density, compressible pore 
space decreased with moisture increase and a gradual decline 
in density resulted. In a field study. Weaver and Jamison 
(1951) found that a dry loam soil was compacted to 30 cm depth 
under excessive tractor use; when wet it was compacted to 60 cm 
depth. This showed that soil moisture affected the depth of 
compaction. 
Organic matter - organic matter, either in decayed or undecayed 
form has a significant effect on the degree of soil compaction 
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caused by vehicles (Jerome, 1982). Franken (1982) reported that 
stability of aggregrates is directly related to humus contents. 
He observed five percent less density in plots having a manure 
application compared with control plots. 
Tillage system - Dickey et al. (1982) reported that the contin­
uous no-till system resulted in the most compact soil while mold-
board plowing had the least compact soil. Chiseled soil had 
lower cone index values in the upper 10 cm of soil than no-tilled 
soil. However, no statistical difference (in cone index) among 
the three tillage systems existed below 10 cm. Yields were not 
statistically different for the three tillage systems. 
Kanwar (1986) studied the effects of various tillage systems, 
such as no-till, chisel, moldboard plow, and paraplow on soil 
water tensions and moisture contents. He found that chisel 
plowed plots and no-till plots had higher soil moisture contents 
in comparison with other tillage systems. Generally greater soil 
moisture contents have been reported with conservation tillage 
systems (Johnson et al., 1984; Blevin et al., 1971). 
Repeated loading - Reed et al. (1959) reported that when the same 
pressure was applied many times to the same soil, the decrease in 
porosity from each application was reduced as the number of 
applications increased. 
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Voorhees (1979b) Imposed wheel traffic consisting'of 9,1,3, or 
5 tire passas over entire plots. Tillage draft measured during 
plowing indicated that the largest relative increase in draft, 
25 percent, resulted from the first pass of the tractor. 
Similarly, Taylor et al. (1979) operated a tire for four passes 
in the same rut on several freshly tilled soils. Examination 
of soil properties revealed that three-fourths of the total 
change in density and 90 percent of the sinkage occurred on the 
first pass. This demonstrates that the first pass is the 
villain, and the second pass or subsequent passes have much less 
effect on degree of compaction. 
Effects of Compaction on Soil 
Physical Properties 
Numerous soil properties have been used by different investigators 
as indices of soil compaction. There is no single preferred property on 
theoretical or practical grounds; it is generally recommended that as 
many relevant properties should be measured as circumstances permit 
(Soane et al., 1981). Some of the soil properties and the way they are 
influenced by machinery traffic are: 
3 
1. Bulk density - the property is usually expressed in kg/m or 
3 g/cm on a dry basis. Core sampling has long been used for 
the bulk density measurements and the method is still widely 
used (Voorhees et al., 1978). For large numbers of samples 
13 
the method is slow and tedious. However, development of power 
core samplers has resolved the issue. 
Raghavan et al. (1977) measured soil bulk densities in a 
clay soil at various moisture contents after compaction with 
different tire sizes with varying loads and repeated passes 
and found that maximum change in density occurred at 12-26 cm 
under the center of tires. The increase in density lessened 
at greater depths or distances farther from the tire. Voorhees 
et al. (1978) reported from the results averaged over five years 
that wheel traffic increased the bulk density of the 0-15 cm 
layer by 20 percent and the 15-30 cm layer of soil by ten 
percent over that of nontracked soil. Similarly, an increase 
3 in bulk density from 1.4 to 1.65 Mg/m occurred during nine 
years of corn-soybean planting (Voorhees and Lindstrom, 1984). 
Gameda et al. (1983) also reported substantial increased in 
soil dry density both in topsail and subsoil as a result of 
high axle loading. 
McKyes et al. (1979) reported an interaction of soil 
moisture and density. In a relatively dry year, a narrow 
range of dry density produced optimum crop yields. Crop yields 
3 
were reduced up to 30 percent by a deviation of 0.1 Mg/m 
3 
above or below the optimum of about 1.2 Mg/m . However, in 
wet years the change in yield was less pronounced with varying 
soil density. 
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2. Cone penetration resistance - the cone penetrometer is a simple 
and highly convenient method of measuring a parameter known as 
cone penetration resistance or cone index. In order to adopt a 
common specification, the American Society of Agricultural 
Engineers (ASAE, 1985) has specified two standard 30° cone sizes 
(20.27 and 12.83 mm diameter). 
There is conflicting evidence in the literature concerning 
the relative sensitivity of cone resistance and bulk density 
methods of measuring compaction responses in soils. Ronai (1982) 
advocated bulk density as a more appropriate parameter to char­
acterize soil compaction than penetration resistance. However, 
Voorhees et al. (1978) compared these techniques in a five year 
study and found that bulk density Increased by 20 percent or less 
while the corresponding increases of cone resistance were up to 
400 percent, indicating a higher sensitivity of cone resistance 
measurements. Similarly, Carter and Tavernettl (1968) considered 
the use of cone resistance superior to bulk density measurements. 
Penetration resistance successively increased in plots 
with one, two, four wheel passes (Dechnlk et al., 1982). Crop 
responses have also been Inversely related to soil strength, 
as indicated by penetrometer readings (Voorhees et al., 1978; 
Swanson and Jacobson, 1956; Taylor and Bruce, 1968). 
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Similarly, Negi et al. (1981) studied different levels of 
compaction by machinery and they subsequently treated the 
compacted areas with various tillage operations. The 
penetrometer resistance increased with soil depth. The 
penetrometer resistance was highest with untilled compacted 
plots, followed by chisel and moldboard plowed plots. All the 
tillage treatments out-performed untilled plots in corn 
yields. 
Soil moisture - the vehicle compaction plays a significant 
role in soil water status and its subsequent availability to 
plants. Voorhees (1977b) reported that wheat planted in wheel 
tracks during a relatively dry year in Minnesota yielded 714 
kg/ha more than wheat planted in the nontracked areas. During 
a relatively wet year, however, the yields in the wheel tracks 
were 739 kg/ha less than in the nontracked areas. 
Similarly, Raghavan et al. (1979b) reported an increase in 
yield of corn with increasing contact pressure and bulk density 
in a dry year. These results can be attributed to greater 
water availability to plants in compacted plots, compared with 
uncompacted ones, during a dry year (Raghavan and McKyes, 1978; 
Eriksson et al., 1974). Thus it is evident that a certain 
amount of machinery traffic is beneficial during a dry year. 
Generally, soil water content (dry basis) increases with 
increasing compaction (Rosenberg and Willits, 1962). On the 
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contrary, Phillips and Kirkham (1962) reported equal soil 
moisture percentage (on oven dry basis) in compacted and 
uncompacted plots. 
Persistence of Compaction 
There are numerous inconsistancies in the literature on persistence 
of compaction. Earlier field research tended to support the belief that 
persistence of soil compaction would not be a problem in the areas 
where freezing and thawing are normal occurrences in winter. Gill 
(1971) stated that in the northern U.S.A. compaction was not a problem 
as shown by a decrease in coil bulk density in Michigan after freezing. 
Similarly, Phillips and Kirkham (1962) found no residual effect of one 
year of wheel traffic, after tillage and overwintering of Clarion clay 
loam at Ames, Iowa. 
Dickerson (1976) and Froehlich (1979) found that compaction, in 
forest soils after logging operations, persisted for 12-16 years. 
Swelling and shrinkage in clayey soils cause a reduction in compaction, 
but most workers attribute the decline in density to frost action. 
Voorhees et al. (1978) showed that traffic effects were ameliorated by 
natural weathering in Minnesota in the 0-150, mm depth but persisted at 
greater depth. However, in the same area, compaction in spring 
persisted throughout the summer (Voorhees, 1977a). Similarly, Blake 
et al. (1976) in a nine year study in Minnesota found that freezing and 
thawing could not ameliorate compaction below the depth of plowing. 
Residual effects of compaction were also detected six years after 
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compaction in California (Vomocil and Flocker, 1965). Voorhees and 
Lindstrom (1983) studied the relative effects of tillage and natural 
forces in alleviating compaction and reported that reduced forms of 
tillage, such as chisel plowing, were slightly more effective than 
natural weathering forces in reducing penetration resistance but had 
little effect on bulk density. A no-till system may result in higher 
bulk density and penetration resistance because of incomplete ameliora­
tion by natural forces. 
In Sweden, where frost usually penetrates to 600-800 mm, Eriksson 
et al. (1974) reported persistance of compaction in subsoil three years 
after compaction was done. In the U.K., Pollard and Elliot (1978) and 
Pollard and Webster (1978) have shown that compacted zones in a 
controlled traffic experiment on a sandy loam soil persisted for six 
years in the absence of any further traffic. 
It appears that the use of present day vehicles would result in a 
level of compaction which will persist throughout winter even at places 
where freezing and thawing are normal occurrences. Voorhees (1979a) 
advocates that thinking may have to be modified about the ability of 
freezing and thawing to alleviate soil compaction in the northern corn 
belt. Natural forces help, of course, but modern practices justify the 
concern about effects of wheel traffic on fields. 
Crop Responses to Compaction 
The changes in soil physical properties resulting from compaction 
by machinery have been discussed earlier. The resulting changes in 
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crop performance pertaining to the present study are reviewed next. 
1. Emergence - the emergence of seedlings is affected by 
mechanical resistance of soil to seedling penetration. Bowen 
2 (1966) showed that mechanical soil impedance above 7.6 N/cm 
restricted the emergence of cotton seedlings. Feldman and 
Domier (1970) observed that by increasing the contact pressure 
from 103 to 276 kPa, cone penetration resistance increased by 
23% and the corresponding reduction in wheat stand was 27%. 
Similarly, reduced crop stands have been reported as the soil 
bulk density or penetration resistance increased (Blocker et 
al., 1958; Hanks and Thorp, 1956; and Campbell et al., 1982). 
Morton and Buchele (1960) simulated an emerging seedling by 
pushing a small penetrometer (0.198 cm diameter) upward through 
the soil surface and observed an increase in required emergence 
force from 2.2 to 22.2 N as the surface pressure varied from 
3.4 to 100.3 kPa. 
There are contradicting reports in the literature as to 
the effect of compaction on emergence. Seeding in wheel tracks 
often resulted in inadequate depth giving poor establishment 
and yields (Soane et al., 1982); whereas Chancellor (1976) 
reported that in dry weather, seedling emergence was superior 
in wheel tracks. Raghavan and McKyes (1978) and Raghavan et 
al. (1979c, 1979d) studied the effect of wheel traffic on 
emergence in two contrasting seasons. In the first (wet) 
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season, emergence was delayed by five to eight days in 
heavily compacted plots, due to higher moisture content and 
consequently lower temperature of surface soil in the 
compacted plots. In the second (dry) season, the time to 
emerge showed a positive quadratic relationship with the 
product of the number of passes and the contact pressure. The 
delayed germination under very light compaction was attributed 
to lack of contact between soil and seed and hence reduced 
uptake of water. 
Delayed emergence was reflected in differences in the 
stage of growth of barley plants throughout the season until 
harvest (Pollard and Elliot, 1978). This was particularly 
obvious at such times as ear emergence. The compaction had no 
effect on the final plant population or plant dry matter 
weights. A similar observation has been reported by Schuler 
and Lowery (1986). Compaction caused emergence to be delayed 
during the first year of their experiment. They attributed 
the difference in emergence to large soil clods which resulted 
from tilling the compacted soil. The delayed emergence was 
reflected in lower yields. In general, soil compaction 
increases soil strength, reduces soil aeration and delays the 
emergence process. 
Plant growth - several investigators have reported the effects 
of machinery traffic on plant growth parameters such as.plant 
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dry matter, height, root growth, silking and tasseling rates, 
ear moisture, etc. Gameda et al. (1983) reported a significant 
reduction in plant dry matter with increased soil loading. In 
a clay soil, overall plant yields were 60 and 66 percent of 
control plots for 178 and 89 kll/axle loading respectively. 
The corresponding values for loam soils were 86 and 94 percent 
respectively. Raghavan et al. (1979d) observed dry plant 
yields of 10,500, 12,500 and 9350 kg/ha for zero traffic, 
moderately compacted and heavily compacted plots respectively. 
The results were well correlated with the dry density of the 
top soil. Similarly Negi et al. (1980), Taylor et al. (1964) 
and Taylor et al. (1966) reported a strong dependence of crop 
growth on soil dry density and penetration resistance. 
Plant heights also respond to traffic. Raghavan et al. 
(1978) and Raghavan et al. (1979c) developed models relating 
plant heights to the product of contact pressure and number of 
passes. The models were in exponential and parabolic forms 
for wet and dry seasons respectively. 
As the wheel traffic increases, root development is 
retarded. This effect, of course, is most obvious in the case 
of root crops, however, grain crops are no exception. Field 
studies in Minnesota on com and soybeans have shown a complete 
lack of root growth to a depth of 25-30 cm under the wheel 
tracks (Voorhees, 1977b). 
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Root growth is not always related to soil strength. 
Although soil penetration resistance was higher in untilled 
plots compared with tilled plots, root growth ended at 3649 kPa 
cone index in tilled soil but in untilled soil root growth 
stopped at 4661-5168 kPa (Ehlers, 1982). One explanation for 
root growth at higher cone index in untilled plots is that 
roots of a following crop can enter biopores created by earth 
worms and by roots of the preceding crops. These passages from 
roots are generally preserved under zero tillage. 
Raghavan et al. (1978) reported a delay of ten days in 
tasseling in heavily compacted soils compared with control 
plots. The ear moistures were 38 and 50 percent for low and 
heavily compacted plots respectively, indicating that a delayed 
maturity would result from heavily compacted plots. 
Yield - there are numerous inconsistences as to the effects of 
soil compaction on crop yields. Taylor (1971), citing data 
collected by several workers, indicates a distinct downward 
trend in cotton yields with increases in cone resistance. 
However, other researchers in the same soil type found no 
significant differences in soil dry density or cotton yields 
due to compaction (Carter and Colwick, 1971). Phillips and 
Kirkham (1962) reported corn yield reductions of ten percent 
due to compaction. Lowery et al. (1970) reported cotton yield 
reductions related to compaction. Trouse (1971) observed slow 
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root elongation with resulting slower plant development under 
compaction. Wittsell and Hobbs (1965) observed reductions in 
wheat and sorghum yields due to surface as well as subsurface 
compaction. Gaultney et al. (1982) observed corn yield 
reductions of 50% and 45% in compacted plots in wet and normal 
summer conditions respectively. 
Loads of 10 and 20 tons per axle reduced com yields by 10 
and 26% respectively, compared to check plots (Voorhees and 
Lindstrom, 1983). Similarly, Gameda et al. (1983) reported that 
grain yields in clay fields were 49 and 46% respectively, of 
levels obtained in check plots for 89 and 178 kN oer axle 
loading. The corresponding yield decreases in loam soil were 30 
and 9%. This also indicates a more severe effect of compaction 
in heavy soils compared to light textured soils. This idea is 
further supported by Ericksson et al. (1974) who, in a compaction 
study, observed 8 and 4% yield reductions on clay soil and loamy 
soil respectively. 
The effect of compaction on yield is rarely predictable. 
For instance, barley yield increased by 50% on sandy soil, but 
yield decreased by 37% on loamy sand for the same levels of 
compaction (Rosenberg and Willits, 1962). Voorhees (1977b) 
reported that wheat planted in wheel tracks in a relatively 
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dry year yielded 0.9 t/ha more than in untracked soil but 
1 t/ha less in a wet year. In fact, seasonal variations 
influence the relationships between compaction and yields 
(Raghavan et al., 1978, 1979a,. 1979b, 1979c, 1979d; McKyes 
et al., 1979). 
Yields are likely to show optimum responses at certain 
levels of soil compactness. The position of this optimum is, 
however, related to soil type, crop growth stage and climatic 
conditions. These interacting effects represent part of the 
explanation for varying responses observed in different 
experiments. 
Controlled Traffic Crop 
Production System 
The ineffectiveness of natural forces in ameliorating soil compac­
tion resulting from modern agricultural machinery suggests that alterna­
tive solutions need to be identified. Minimum tillage, deep plowing, 
subsolllng, use of track-type tractors and dual wheels, reduction in., 
size of tractor or number of passes, high speed operations, etc; have 
been used as methods to reduce soil compaction. Their limitations are 
well documented in the literature. Now Interest has been focused on 
controlled traffic systems to combat compaction. Arndt and Rose (1966) 
advocate that use of controlled traffic systems is logical in modern 
farming. 
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They stated: 
"In the classical systems the units of soil compaction 
are small disks more or less randomly distributed so 
that they can only be relieved by treating the whole 
field uniformly each year. This probably accounts for 
the agricultural tradition of uniform tillage treat­
ments. In the mechanized systems, especially for row 
crops, the units of soil compaction are long continuous 
bands which are highly organized and clearly defined 
for preferential treatment. However, because of 
tradition the whole field is ploughed each year. The 
overall efforts can now be logically reduced by reducing 
the area treated each year (Arndt and Rose, 1966, 
p. 170-187). 
The permanent bed system of crop production which has long been 
used in certain vegetable crops (Soane et al., 1982), is now being 
examined experimentally for large scale agricultural crops. Work on 
controlled traffic was initiated by the United States National Tillage 
Machinery Laboratory in Alabama during the late 1950s (Dumas et al. 
1975). 
Williford (1982) developed a controlled traffic cotton production 
system which consisted of growing two rows of cotton 1 m apart on a bed 
2.5 ra wide. The five year average yield from controlled traffic plots 
was significantly greater than the yield from conventional plots. Based 
on soil moisture, crop growth, and yield measurements, he concluded 
that annual subsoiling is not required in a controlled traffic cotton 
production system. Dumas et al. (1975) reported average yield increases 
of 15 percent due to controlled traffic over a four year period 
regardless of tillage imposed. 
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The effects of controlling traffic to both, one, or neither side 
of the crop rows have been occasionally studied. Voorhees et al. 
(1976) found that in Minnesota during a relatively dry year, the yield 
of soybeans, was 25% higher where wheel traffic had occurred on both 
sides of rows than where it had occurred on one side only. Similarly, 
Nelson et al. (1975) studied the effects of zero, four, and eight 
tractor passes on one, both or neither side of soybean rows 76 cm 
apart. Four and eight passes made on either one side or both sides of 
plant rows compacted the soil considerably, which seemed to affect 
availability of soil moisture and yield of soybean, adversely. Fausey 
and Dylla (1984) arranged five wheel passes on one side of corn and 
soybean rows, and compared the effects with rows having traffic on 
neither side. No yield differences were recorded among the plots 
fertilized adequately. However, with no nitrogen fertilizer corn 
yields in untrafficked plots were significantly reduced from rows along 
wheel tracks. 
Thus, the crop responses to the traffic along the side of the 
rows are positive, negative and sometimes without effect. This 
suggests that more information is needed to understand these 
relationships. 
Summary of Literature 
Compaction has become a serious concern due to increasing size and 
number of passes of agricultural vehicles in the modern systems of crop 
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production. Because of the cost Involved in ameliorative cultivation 
it is likely that more importance will be attached to the avoidance 
of compaction since such compaction persists in spite of the regular 
occurrence of freezing and thawing in winter. 
Compaction from machinery traffic has often been found to 
adversely influence crop growth and yields. Compaction effects are 
more significant in early stages of crop development. In some cases, 
crop responses to compaction have been beneficial as well. These, 
variations in responses are associated with the complex interaction of 
compaction with soil type and weather conditions. 
In order to avoid or reduce soil compaction, efforts are being 
focused on controlled traffic systems. The research on this concept is 
still in its infancy. More information, under a variety of soil and 
crop conditions, is required before the controlled traffic system can 
be recommended for commercial crop production. 
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CHAPTER III. MATERIALS AND METHODS 
The objectives of this study are listed on page 7 and are repeated 
below for ease of reference: 
To study soil and corn growth responses as influenced by: 
1. Wheel traffic on neither, one, and both sides of corn rows as 
well as response to traffic on top of the row. 
2. Tilling or not tilling the wheel tracks (trafficked inter-rows) 
after planting. 
3. Preplant chiseling or no-tilling in combination with wheel 
traffic and tilling of tracked inter-rows. 
This study consisted of two experiments with slightly different 
compaction treatments, planting equipment, and harvesting techniques. 
The experiments were conducted in adjacent fields with similar soils 
and crop histories. 
Experiment 1 
This experiment was conducted in 1984, 1985 and 1986 on a Clarion 
loam soil (Fine loamy, mixed, mesic Typic Hapludolls.) near Ames, Iowa. 
Average field slope was less than two percent. The experiment was 
initiated in the spring of 1984 on an untilled field following a crop 
of corn grown on ridges. The ridges were 12 to 15 cm high. The 
factors studied included three levels of traffic; 1) rows with wheel 
traffic on neither side, 2) rows with wheel traffic on one side 
(always the same side), and 3) rows with wheel traffic on both sides 
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(Figure 1). The last treatment was obtained by making idle passes of 
the tractor. According to Voorhees (1977a), wheel tracks remaining 
after the crop .is planted increase water runoff. Therefore it was 
planned to till the wheel tracks. To evaluate crop response when 
trafficked inter-rows/wheel tracks were tilled after planting, a factor 
designated as "track" was included at two levels, that is, track not 
tilled and track tilled. The factors of traffic and track were 
studied under both chiseled and no-till soil conditions to investigate 
the interaction of traffic with initial soil condition. The resulting 
factors and their levels are given in Appendix A (Table 1). The 
12 treatment combinations were replicated four times in a completely 
randomized fashion Appendix A (Table 2). Thus there were 48 plots each 
55 m long with an average width of nine com rows at 0.76 m centers. A 
field plot layout indicating the inter-rows to be compacted was mapped. 
An overall row-wise detail of the entire field is presented in 
Appendix A (Table 3). 
A standard two wheel drive tractor with single rear wheels and a 
tread width of 152 cm was used for all operations. The rear tractor 
tires were 40 cm wide, thus leaving 18 cm untrafficked distance between 
the edge of the tire tracks and the planted row in a 76 cm row spacing. 
The rear axle load of the tractor was 30 kN. The rear tires were 
inflated to 138 kPa. The tractor was driven over the designated 
inter-rows to obtain the desired compaction before chiseling or 
planting. Compaction was performed when soil appeared tillable and it 
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Figure 1. Wheel tracks relative to crop rows in six-row planting 
system (Experiment 1) 
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was restricted to inter-rows. The standing stalks from the previous 
crop helped locate the inter-rows to be compacted. To amplify the 
compaction effects, it was decided to compact twice for each chiseling 
and planting operation scheduled in the plots where tracks were not to 
be tilled later. However, in the plots with tilled tracks no 
amplification (idle passes) were made except when it was unavoidable in 
the plots 'with traffic on both sides of the row. 
Two kinds of tillage implements were used. In the plots with 
traffic on one or neither side of the row, a chisel plow, 4.56 m wide 
with 7.6 cm twisted points pulled by a tractor operating on last year's 
planter tracks, was used. The tools on the plow were positioned to 
avoid tilling the tire tracks (Figure 2). This was done to save wheel 
tracks and examine their effects on crop growth in adjacent rows. Gage 
wheels were also adjusted to follow the tractor wheel paths. For the 
plots with traffic on both sides of the rows, 25 cm wide sweeps were 
used to till the row areas only. The plots were plowed twice with their 
respective tillage implements to a depth of 15-20 cm on the day 
compaction was performed. Following the compaction and tillage 
operations, corn (Pioneer 3782) was planted, using a six-row John Deere 
(Model 7100) planter dropping seeds at about 23 cm spacing. The 
planter wheels were also adjusted to follow the tractor wheels (Figure 
3), in order to avoid separate planter tracks. After planting, the 
designated tracks were tilled to a depth of 12 cm using 25 cm sweeps 
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Figure 2. Arrangement of tools and gage wheel on chisel plow 
Figure 3. Arrangement of planter wheels to follow tractor wheel 
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mounted on a single tool bar. Each sweep followed a tire to till its 
track (Figure 4). For weed control, pre-emergence herbicide (a 
combination of 2.34 L [glyphosate], 1.17 L [2, 4-D], 4.67 L [alachlor], 
and 4.67 L [cyanazine] per hectare) was applied after planting with a 
tractor mounted sprayer covering a swath of six-rows and retracking the 
wheel tracks made during planting. From all the operations including 
idle passes, chiseled plots with untilled and tilled tracks 
respectively, received ten and fiVe tractor passes along the side or 
sides of the rows, whereas, the corresponding numbers for no-till 
plots were four and three passes. 
During the 1984 growing season, corn growth parameters (emergence, 
plant dry matter weight, plant height and diameter, tasseling and 
silking rate, and grain yield and moisture) were determined to assess 
the effects of vehicular traffic on crop performance. For emergence 
counts two adjacent rows each 12.2 m long per plot were selected and 
the seedlings were counted on several dates. For plant height and 
diameter measurements, ten plants were randomly selected in each plot. 
The plant heights were measured from the ground to the collar of the 
highest unfolded leaf on five different dates at intervals of 
approximately two weeks. For diameter measurement, a graduated 
leather strip was used to measure plant circumference (at second or 
third internode from bottom), which was converted to the corresponding 
diameter. For plant dry matter weight, ten plants were randomly 
selected, mowed, chopped into small pieces for convenience in handling 
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Figure 4. Arragnement of sweeps to till inter-rows 
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and weighed before and after drying at 66°C for .72 hours. Tasseling 
and silking counts were made from two rows (each 12.2 m) in each plot 
for several consecutive days (Appendix B). 
Because a combine with proper row spacing to follow the traffic 
lanes was not available, a two-row combine (John Deere Model 45) was 
used for yield sampling as well as for harvesting nonexperimental rows. 
As the soil at harvest time was extremely hard, the compaction 
resulting from the combine was considered insignificant. However, to 
document the compaction from the combine traffic, penetrometer 
readings were attempted, but the penetrometer failed to enter the soil 
even in non-compacted inter-rows. Therefore, compaction from the 
combine was disregarded. The combine was equipped with an electronic 
scale to weigh the grain harvested from two corn rows, each 12.2 m 
long, from each of the plots, for yield determinations. Grain samples 
were collected and weighed before and after oven drying at 82°C for 
72 hours and moisture percentages were calculated (Appendix B). 
Sometime after harvest granular fertilizer was broadcast with a 
truck mounted spreader. A fertilizer spreader with proper row spacing 
to follow traffic lanes was not available. The inter-rows that received 
compaction from the fertilizer spreader were excluded from the 
experiment. 
To investigate the residual effects as well as effects of 
continuously restricting the traffic to the same inter-rows year after 
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year, the procedure in Experiment 1 (1984) was repeated in the cropping 
season of 1985. The compaction, tillage, tilling the inter-rows, and 
sprayer operations were performed on the same plots and inter-rows as 
in 1984. However, some plant growth parameters, like plant diameter and 
silking rate, were not measured. Instead, soil penetration resistance 
and gravimetric soil water measurements were made to possibly explain the 
plant responses to compaction. Penetration resistance was measured using 
a penetrometer with 30° cone, 12.83 mm diameter. Maximum penetration 
resistance in 5 cm increments up to 55 cm depth was recorded. Soil 
samples for gravimetric moisture contents were also taken at 10 cm 
increments to a depth of 40 cm, near the penetration resistance 
measurement sites (Appendix C). 
The procedures used during 1984 and 1985 were repeated in 1986, 
with a few exceptions. Tilling the tracks right after planting had 
some undesirable effects on emergence; therefore tilling the tracks 
was done 45 days after planting. To assess the overall effect of 
compaction after three years, bulk density measurements were also made 
60 days after planting. Bulk density profiles were determined from 7.6cm 
diameter soil sampler (core sampler developed by Buchele, 1961 [Figure 
5]). The sample's were taken in 5 cm increments to a depth of 30 cm. 
Pairs of cores for bulk density measurements were obtained from all 
the treatments, one in the row, the other in the adjacent inter-row, 
which may or may not have a wheel track. Bulk density samples were also 
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Figure 5. Powered core sampler for soil density samples 
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used for gravimetric soil moisture determinations. Near each site 
for the bulk density profile, a penetration resistance profile was also 
taken (Appendix D). 
Experiment 2 
This experiment was conducted during 1985 and 1986 crop seasons in 
a field adjacent to the first experiment. All treatments and 
procedures were similar to those of Experiment 1, with the following 
changes; 
1. All the equipment was set up for a five-row com growing 
system. In tilling, planting, spraying and harvesting, a 
tractor with 225 cm wheel tread straddled the three center 
rows of the five-row plots, leaving the middle row without 
any wheel traffic on either side. 
2. Another level to the traffic factor, traffic over the top of 
the corn row before chiseling or planting, was included 
(Figure 6). This addition resulted in 16 treatment 
combinations, each replicated four times. As in Experiment 1, 
idle tractor passes were made to obtain traffic on both sides 
and on top of the row. All the treatment combinations were 
completely randomized. Factors and their levels, field plot 
layout, and row-wise detail of the field are presented in 
Appendix A (Tables 4, 5 and 6). 
3. Inter-rows to be tilled were compacted and no idle passes were 
made to amplify compaction as in the first experiment. The 
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Figure 6. Wheel tracks relative to crop rows in five-row planting 
system (Experiment 2) 
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total number of passes on the row or along side/sides was five 
and three for chiseled and no-till plots respectively. 
4. Soil and crop parameters measured were similar to the first 
experiment during 1985 and 1986, except that bulk density 
profiles were not taken in 1986. Due to weather constraints, 
tracks could not be tilled and consequently the factor of 
"track" was dropped during 1986. 
5. For yield sampling, two rows 12.2 m long were hand harvested 
in each plot; then the entire crop was harvested with a 
five-row combine with wheels moving along the planter and 
tractor wheel tracks. 
The data obtained from Experiment 2 are given in Appendices E 
and F. 
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CHAPTER IV. RESULTS AND DISCUSSION 
The data obtained from this experimental work are given in Appendices 
B through F. Analyses of variance were carried out using either 
PROG GLM or PROC ANOVA programs (Tables A.7, A.8). The analysis of 
variance tables are presented at the end of each of the appendices. 
The means of the responses measured, for main effects and their levels, 
are given in Tables 1 through 9. The results are discussed here. 
Emergence 
In 1984, seedling counts taken on five different dates were 
analyzed. Generally, plant population was significantly greater in 
no-till plots than in the chiseled plots (Table 1). This response was 
likely due to the cropping season of 1984 which was extraordinarily wet 
in Iowa. There were rainstorms during emergence days and thus soil 
remained wet and cool. As the no-till plots had small ridges remaining 
from the previous season, emergence was better in no-till plots than in 
the chiseled plots. A similar observation has been recorded by Buchele 
et al. (1955). They observed that after each rain, the ridges dried 
sooner than the furrows, due to their greater elevation, and the soil 
temperature in ridges was found to be higher than in the flat planted 
rows. This higher soil temperature coupled with the good drainage 
characteristics of the ridges may account for the faster emergence and 
greater total emergence compared to chiseled plots in the present study. 
Table 1. Effects of tillage and machinery traffic on mean emergence 
percentages 
Tillage Traffic 
Time Traffic on Traffic on. 
Experiment after No-Till Chisel both sides one side of 
planting of row row 
Days Percent 
Experiment 13 87^ 81^ 89® 82^ 
1 (1984) 15 92 89 92 90 
21 96^ 93^ 96 94 
25 97a 93^ 97 94 
35 97^ 94^ 97 95 
Experiment 9 29 27 21 29 
I (1985) 11 36 35 31 34 
13 41 41 37 39 
21 78 81 78 79 
48 83 85 80 85 
Experiment 8 60 62 58^ 
2 (1985) 10 68 69 71=* 67^ 
12 
ab b 
71 75 77 72 
20 83 83 84 83 
45 88 88 89 88 
Experiment 7 82^ 72^ • 78 78 
1 (1986) 8 89^ 78"^ 85 82 
10 94^ 80^ 88 86 
35 95^ 82^ 89 87 
Experiment 8 51 54 47^ 61® 
2 (1986) 10 78 80 78^ 88® 
11 82 86 86® 90® 
13 84 87 86* 91® 
45 85 88 87 91 
^ '^Values of levels of a factor (in each row) followed by different 
letters are statistically different at 90 percent or higher probability 
level. 
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Traffic 
Traffic on 
neither side 
of row 
Traffic on 
top of row 
Track not 
tilled 
Track 
Track tilled 
Percent 
11^ — —  86 82 
89 92 89 
94 96 93 
94 96 94 
94 —• 96 94 
37 — 32 24 
43 39 32 
49 44 39 
81 81 77 
87 — —  85 83 
67^ 54^^ 67* 52^ 
75^ 61^ 75* 62^ 
76^ 67^ 78* 68^ 
85 78 86* 79^ 
89 86 92* 86^ 
76 —- — 
84 — —  
87 — —  — —  
89 — —  
59^ 33^ — —  —  —  
82^ 68^ — —  
84^ 77^ 
85* 80^ 
86 82 — —  
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This observation is further supported by the emergence data from 
Experiment 1 (Table 1) collected during the 1985 cropping season, which 
neither had enough rains nor colder temperatures during the emergence 
period to cause a significant difference in the emergence in no-till 
and chiseled plots. Similarly, no difference could be detected between 
emergence in no-till and chiseled plots in Experiment 2 during 1985. 
During 1986, the effect of tillage on emergence was statistically 
significant and insignificant for Experiment 1 and Experiment 2 respec­
tively. The differential response of the two experiments was related 
to delayed compaction, tillage, and planting in Experiment 1. In 
Experiment 1, the soil was hard at the time of tillage, which resulted 
in large clods when chiseled. The large clods caused planting depth 
variations, and consequently poor emergence in chiseled plots compared 
to no-till plots (Table 1). Schuler and Lowery (1986) reported a 
delayed emergence and lower total emergence when compacted plots were 
tilled. They also attributed this response to large soil clods. Poor 
emergence in the chiseled plots in this study may partly be attributed 
to moisture constraints due to more rapid drying of the chiseled plots. 
There is evidence in the literature that no-till plots maintain more 
soil moisture compared to other tillage systems (Johnson et al., 1984; 
Blevin et al., 1971). 
In 1984, the main effect of traffic on emergence was only signifi­
cant on the first date of observation. However, plots with traffic on 
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both sides of a corn row consistently had a greater percentage emergence 
as compared to plots with traffic on one side or neither side of the 
row (Table 1). The reasons for this response are not clear. Voorhees 
(1977b) reports from his field experiments that the wheel traffic 
between rows can cause a difference of 10 cm or more in surface eleva­
tion between the noiicompacted row and the compacted inter-row, 
resulting in a ridge type system. This may allow the seedbed to dry 
out and warm up faster, speeding up germination, particularly under wet 
and cool conditions. A similar argument can help explain the desirable 
effect of traffic on both sides of a row (resulting in a raised row 
area) on seedling emergence during the considerably wet and cool 
conditions of this experiment in 1984. As the weather conditions were 
relatively dry during the cropping season of 1985, an opposite effect 
of traffic treatments (Experiment 1) on emergence percentages can be 
seen (Table 1). Perhaps, this time traffic on both sides and one side 
of the row caused a faster drying of the row area resulting in slower 
and less total emergence as compared to the traffic on neither side of 
the crop row. Although the differences in means were not statistically 
significant, the trends were consistent. In 1986 (Experiment 1), the 
weather conditions were normal during the emergence period and the 
traffic treatments did not show any effect on emergence. 
The main effect of traffic on emergence was significant (Experiment 
2) during 1985 and 1986. Traffic on top of the crop row before 
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chiseling/planting significantly suppressed emergence (Table 1). This 
was expected for two reasons. First, the planter had poor penetration 
in the compacted rows of no-till plots, and second, the"compacted 
rows (in chisel plots) when chiseled produced large clods which 
resulted in uneven planting depths. The planting depth variations in 
the plots with traffic on the top of rows delayed the emergence, and 
some of the seeds could never emerge. Soane et al. (1982) reported a 
similar observation, that seeding in wheel tracks often resulted in 
inadequate seeding depth giving poor crop establishment. 
The main effect of tilling or not tilling the track on emergence 
was not statistically significant in 1984 (Experiment 1). However, 
untilled inter-rows had consistently desirable effects on emergence in 
adjacent rows, as compared to tilled inter-rows (Table 1). There can 
be two possible explanations for this effect. Firstly, in the process 
of inter-row tillage a considerable bulk of soil thrown toward the 
row area covered the seeds and made their emergence difficult. 
Secondly, a possible lateral movement of the inter-row tilling tool 
(a 25 cm wide sweep shovel) can upset the soil seed contact. In 1985, 
the main effect of tilling or not tilling the tracks tested significant 
in Experiment 2. Again, greater emergence percentages were recorded in 
the rows adjacent to untilled inter-rows (Table 1) for the reasons 
discussed above. Also, the effect of track was significant in 
Experiment 2 in 1985, as against no statistical significance in 
Experiment 1 of 1985. This differential response of the two 
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experiments is related to a slight difference in the nature of the 
treatments. In Experiment 1, the inter-rows to be tilled were not 
compacted, whereas in Experiment 2, even the inter-rows to be tilled 
were compacted. The compacted inter-rows (Experiment 2) when tilled 
left large clods that suppressed emergence in the adjacent rows. Due 
to undesirable effects on emergence of tilling the inter-rows right 
after planting during the cropping seasons of 1984 and 1985, tilling 
the inter-rows was postponed to a date after completion of emergence 
in the 1986 experiments. 
Plant Dry Matter Weight 
Plant dry matter weight, an important indicator of growth rate 
was measured 49 and 63 days after planting in 1984. The main effect of 
tillage was significant for both sampling dates. The mean weights from 
no-till plots (Table 2) were 38.1 and 18.2 percent greater respectively 
than for the chiseled plots on the two sampling dates. A better 
performance of no-till plots as compared to chiseled plots may be 
partially associated with the earlier emergence in the no-till plots. 
Buchele et al. (1955) reported that a given quantity of radiation 
increases soil temperature more in ridges than in flat rows. The 
higher temperature increases the rate of nitrification due to an 
increased bacterial activity, resulting in an increased availability 
of nitrogen. As there were small ridges in the no-till plots. 
(Experiment 1), availability of nutrients might have been enhanced 
Table 2. Effects of tillage and machinery traffic on mean plant dry 
matter weights 
Tillage 
Experiment 
Time 
after 
planting 
No-Till Chisel 
Traffic on 
both sides 
of row 
Days g/plant 
Experiment 
1 (1984) 
49 
63 
27^ 
67^ 
20^ 
56" 
22 
59 
Experiment 
1 (1985) 58 31 27 24 
Experiment 
2 (1985) 53 46 42 42 
Experiment 
1 (1986) 43 53* 39^ 45 
Experiment 
2 (1986) 53 86 91 77 
âb 
Values of levels of a factor (in each row) followed by different 
letters are statistically different at 90 percent or higher probability 
level. 
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Traffic Track 
Traffic on 
one side 
of row 
• Traffic on 
neither side 
of row 
Traffic on 
top of 
row 
Track not 
tilled 
Track 
tilled 
g/plant 
24 24 — —  33 24 
64 63 —  —  60 63 
31 32 30 29 
43 45 40 44 43 
44 51 —  —  — —  
89 95 82 __ __ 
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enough to cause a significant Increase in the dry matter weight of 
the plants. However, the main effect of tillage was not significant 
(Experiment 1) in 1985, perhaps for the reason that emergence rates 
were similar for the two tillage systems and also that the height of 
ridges in no-till plots were reduced in the second season. Similarly, 
the effect of tillage on dry matter weight was insignificant for 
Experiment 2 of 1985. 
In 1986 (Experiment 1), the main effect of tillage was highly 
significant. No-till plots had about 35 percent greater plant dry 
matter weight compared with chiseled plots (Table 2). This response is 
associated with significantly earlier emergence in no-till plots. The 
earlier emergence is reflected in greater dry matter weights. A 
similar observation has been recorded by Pollard and Elliot (1978) and 
Schuler and Lowery (1986). 
Plant dry matter weight did not indicate significant response to 
traffic treatments except in Experiment 1 of 1985. However, mean plant 
dry matter weights generally increased as the inter-row traffic 
decreased (Table 2), suggesting a negative effect of the traffic on 
plant growth. The effect of traffic on the top of the row (before 
planting) was not statistically different from other traffic 
treatments. Tilled inter-rows did not have any statistically signifi­
cant effect on the dry matter weight of plants in the adjacent rows, 
however, mean dry matter weights were greater in the rows adjacent to 
untilled inter-rows compared to tilled inter-rows (Table 2). 
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Other Investigators have found that traffic caused substantial 
decreases in plant dry matter weights (Raghavan et al. 1979b, Negi et 
al. 1980, and Taylor and Bruce, 1968). Similarly, Gameda et al. (1983) 
reported a significant reduction in plant dry matter weight with 
increased soil loading. In a clay soil, overall plant yields were 
only 60 and 66 percent of yields in control plots for 178 and 89 kN 
axle loads respectively. The corresponding values for loam soil were 
86 and 94 percent respectively. This means that texture of soil and 
magnitude of load determine the severity of the traffic effect on 
plant growth. For the present investigation the soil was a Clarion 
loam, traffic consisted of conventional tractors (about 30 kN per 
axle) and the traffic occurred only in the inter-rows, consequently 
traffic effects on plant growth were not evident. 
Plant Height 
Tillage affected the rate of com plant growth (Table 3). Taller 
plants were found in no-till plots, perhaps due to faster emergence in 
no-till plots and other reasons discussed earlier. These differences 
in the plant heights were greater early in the season but narrowed 
later. Height measurements taken late in the season in Experiment 2 
of 1986 did not show a significant tillage system effect. In general, 
soil moisture content was greater in no-till plots compared with 
chiseled plots (Tables 6, 7, 8 and 9) and this may partially explain 
the desirable response of no-tillage. At the same time, consistently 
Table 3. Effects of tillage and machinery traffic on mean plant 
heights and diameters 
Tillage Traffic 
Time Traffic on Traffic on 
Experiment after 
planting 
No-Till Chisel both sides 
of row 
one side 
of row 
Days cm 
Experiment 
1 (1984) 
33 
42 
14^ 
33* 
10^ 
26b 
11* 
27 
13^ 
31 
53 92* 76^ 81 • 86 
75 200* 196^ 196 196 
34^^ 2.1* 1.7b 1.8 1.9 
49^ 3.1* 3.0^ 2.9 3.0 
Experiment 
1 (1985) 58 38* 35b 34 37 
Experiment 
2 (1985) 53 66* 62^ 65 65 
Experiment 
1 (1986) 43 90* 65b 79 75 
Experiment 
2 (1986) 53 143 142 138* 150^ 
âlD 
Values of levels of a factor (in each row) followed by different 
letters are statistically different at 90 percent or higher probability 
level. 
Day for plant diameter measurements. 
52 
Track 
jj Traffic on Track not Track 
neither side ^f row tilled Tilled 
of row 
cm 
13^ — 13 12 
38 — 30 28 
87 — 87 82 
202 — 199 197 
1.9 — 1.9 1.8 
3.1 — 3.1 3.1 
39 — 37 36 
66 61 64 63 
78 
153^ 128^ 
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greater values of soil penetration resistances in no-till plots 
compared to chiseled plots (Tables 6, 7, 8 and 9), call into question 
the superior response of no-till plots. Ehlers (1982) observed that 
root growth ended at a penetration resistance of 3649 kPa in tilled 
plots, but root growth stopped at 4661-5168 kPa in no-till plots. One 
explanation for root growth at higher penetration resiatance in 
no-till soil was that roots of a following crop can enter biopores 
created by earthworms and by roots of the preceding crops. These 
passages for roots are left preserved under no-till conditions. This 
may explain the better crop growth (height) in spite of greater 
penetration resistances in the no-till plots in the present study. 
The average plant heights in the rows with traffic on both sides 
were lower than height of plants in rows with traffic on neither side. 
Similarly traffic on the row had a negative effect on plant heights. 
In other words, the adverse effects of traffic may again be in evidence 
(Table 3). The plants in the rows adjacent to tilled inter-rows could 
not catch up after the late start caused by slow emergence. Plant 
diameter measurements were taken only during 1984. As the effects of 
various treatments on plant diameters were almost similar to those of 
heights, this response (plant diameter) was not measured in the 
succeeding years. 
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Tassellng 
Analyses of data in Experiment 1 (1984) and Experiment 2 (1985) 
revealed that the plants in no-till plots tasseled significantly 
earlier than the plants in chiseled plots (Table 4), due to earlier 
emergence in no-till plots. Tasseling was noticeably slower in the 
plots with traffic on the top of the row. The effect of "track" was 
significant during 1985 in both experiments. Tasseling was earlier in 
the rows adjacent to untilled inter-rows, due to earlier emergence in 
those rows. In general, the plants first to emerge were first to 
tassel. Data also suggest that the plants that emerged late could not 
catch up. As the silking rates in 1984 showed trends similar to 
tasseling, the former parameter was not measured during 1985 and 1986. 
Grain Yield and Moisture 
In 1984 and 1986 (Experiment 1) average yields were greater in 
no-till plots than chiseled plots (Table 5). Neither machinery traffic 
along side or on top of the row, nor inter-row tillage, significantly 
influenced grain yields. In Experiment 1 of 1986, inter-rows were 
tilled 45 days after planting with a low clearance tractor and some 
plants were damaged. This caused lower yields. Grain moisture was 
significantly higher for chiseled plots than for no-till plots in 
Experiment 1 of 1984, perhaps due to delayed maturity in chiseled plots. 
However, grain moisture was insensitive to all other treatments during 
three years' experiments. 
Table 4. Effects of tillage and machinery traffic on mean tasseling 
and silking percentages 
Tillage Traffic 
Time Traffic on Traffic on 
Experiment after No-till Chisel both sides one side 
planting of row of row 
Days Percent 
Experiment 60 37® 22^ 32 27 
1 (1984) 61 62® 41^ 52 50 
63 84® 75^ 82 76 
65 94® 90^ 93 90 
67 96 96 97 96 
64*^ 61 42 53 50 
66^ 86® 74^ 80 79 
69"^ 94® 93^ 96 93 
Experiment 68 10 8 9 7 
1 (1985) 76 48 44 40 43 
Experiment 61 5 4 7 4 
2 (1985) 63 28® 19^ 29 22 
65 49® 38^ 48 42 
68 82® 75^ 82 76 
Experiment 58 59 62 67^ 60^ 
2 (1986) 59 65 68 72 66 
61 89 85 92 87 
65 99 98 100 100 
Values of levels of a factor (in each row) followed by different 
letters are statistically different at 90 percent or higher probability 
level. 
*^Day for silking counts. 
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Traffic Track 
Traffic on Traffic Track Track 
neither side on top not tilled 
of row of row tilled 
Percent 
30 32 28 
54 — — 58 46 
82 82 77 
92 93 91 
97 97 95 
53 55 49 
81 84® 76^ 
92 — —  93 93 
11 12® 6^ 
55 —  —  52® 41^" 
3 4 6® 3^ 
25. 18 26 20 
44 39 49® 37^ 
79 76 81® 75^ 
71® 44" 
77 53 — —  
92 76 — —  
100 97 — 
Table 5. Effects of tillage and machinery traffic on corn yield and 
grain moisture percentages 
Tillage Traffic 
Experiment 
Type 
of 
response 
No-Till Chisel Traffic on 
both sides 
of row 
Traffic on 
one side 
of row 
Experiment 
1 (1984) 
yield 
(t/ha) 5.67* 4.81^ 5.41 4.67 
grain 
moisture 
(%) 15.7* 17.3^ 16.9 16.8 
Experiment 
1 (1985) 
yield 
(t/ha) 5.66 5.23 5.43 5.63 
grain 
moisture 
(%) 36.4 37.6 37.1 37.1 
Experiment 
2 (1985) 
yield 
(t/ha) 6.55 6.50 6.30 6.54 
grain 
moisture 
(%) 40.6 42.1 41.5 41.8 
Experiment 
1 (1986) 
yield 
(t/ha) 7.07* 6.02^ 6.19 7.05 
grain 
moisture 
(%) 23.8* 25.0^ 24.4 24.2 
Experiment 
2 (1986) 
yield 
(t/ha) 8.12 7.78 7.15 8.08 
grain 
moisture 
(%) 21.0 22.4 20.1 21.7 
ab Values of levels of a factor (in each row) followed by different 
letters are statistically different at 90 percent or higher probability 
level. 
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Traffic Track 
Traffic on 
neither side 
of row 
Traffic 
on top 
of row 
Track 
not 
tilled 
Track 
tilled 
5.54 5.40 5.04 
17.3 — —  17.0 17.0 
5.40 — —  5.27 5.73 
36.3 35.8* 38.3^ 
6.51 6.72 6.66 6.38 
41.7 40.3 41.0 41.7 
6.51 6.92* 6.21^ 
24.7 — —  24.3 24.4 
8.52 8.06 — —  — —  
22.3 22.6 — —  
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Soil Penetration Resistance 
Soil penetration resistance (cone index) measurements were taken 
one and two months after planting in 1985 and 1986 respectively. In 
1985 (Experiments I and 2) and 1986 (Experiment 2), the main effect of 
tillage was not statistically significant, however, soil penetration 
resistance was greater in no-till plots by 3 to 13 percent compared to 
chiseled plots, in spite of the fact that soil moisture contents were 
generally greater in no-till plots (Tables 6, 7 and 9). The reasons for 
the greater penetration resistance in no-till plots are not obvious. 
The greater soil strength in no-till plots compared to tilled plots is 
in agreement with the findings of Dickey et al. (1982) and Negi et al. 
(1981). Dickey et al. (1982) further reported that no statistical 
differences in penetration resistance existed between no-till and tilled 
plots beyond the 10 cm soil depth. 
During 1986 (Experiment 1), the average soil penetration resistances 
in no-till and chiseled plots were 1156 kPa and 1028 kPa respectively 
and the difference was statistically significant (Table 9). A greater 
soil penetration resistance in the no-till system may be associated 
with the length of time (3 years) these plots were under the no-till 
system. This may suggest that soil penetration resistance increased 
in no-till plots with time. However, the long term bad consequences 
of the increased penetration resistance alone on root growth 
are doubtful (Ehlers, 1982). Ehlers believes that the passages 
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developed by the earthworms and roots of the preceding crops are 
preserved and the roots encounter little difficulty in penetration in 
spite of the,increased soil penetration resistance in the no-till 
systems. 
In 1986, the effect of the traffic on soil penetration resistance 
was statistically significant in Experiment 1 and was insignificant in 
Experiment 2. The reasons for the differential response of the two 
experiments are not clear. However, it may be related to the length of 
time the experimental plots were trafficked, that is. Experiment 1 
(3 years traffic effects) and Experiment 2 (2 year traffic effects). 
In Experiment 1 (1986), greater penetration resistance values were 
obtained in trafficked areas compared with untrafficked areas (Table 8). 
This means the effects of tractor traffic were in evidence two months 
after compaction was done. In Experiment 2 (1986), the greatest average 
penetration resistance was observed in the traffic level involving 
traffic on top of the row (Table 9), however, the difference was not 
statistically significant. 
Greater average soil penetration resistances were obtained in 
untilled inter-rows compared to tilled inter-rows during 1985 experi­
ments (Tables 6 and 7). However no statistical differences could be 
detected among the values. But significantly smaller values of penetra­
tion resistance were observed in tilled inter-rows compared to untilled 
inter-rows (Experiment 1, 1986) probably because the measurements were 
made 15 days after tilling the inter-rows. 
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Table 6. Effects of tillage and machinery traffic on mean soil 
penetration resistances and gravimetric moisture contents 
(Experiment 1, 1985), 30 days after planting 
Factor Level Penetration 
resistance^ 
Moisture 
^m 
content 
kPa % 
Tillage 
No-till 
Chisel 
1304 
1153 
18.9 
17.7 
Track 
Not-tilled 
Tilled 
1272 
1185 
18.2 
18.4 
Trafficked inter-row 1342* 18.4 
Location Row with traffic on both sides 
Row with traffic on one side 
1278*^ 
1167^ 
17.7 
18.4 
Row with traffic on neither side 1128^ 18.7 
0-5 
5-10 
184* 
667^ 
14.1* 
Depth (cm) 10-15 
15-20 
1097^ 
1485^ 
18.8^ 
20-25 
25-30 
1515^ 
1516^ 
19.7^ 
30-35 
35-40 
1433^ 
1411^ 
20.6^ 
40-45 1396^ 
45-50 1410^ — — 
50-55 1426^ 
abcdv^l^gs of levels of each factor followed by different letters 
are statistically different at 90 percent or higher probability level. 
™Means of moisture contents measured at 10 cm increments up to 
40 cm depth. 
^Means of penetration resistances measured at 5 cm increments 
up to 55 cm depth. 
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In 1985, the main effect of location was significant and 
insignificant for Experiment 1 and Experiment 2 respectively. The 
differential response of the two experiments may be related to an 
additional year of trafficking in Experiment 1. Greatest average 
penetration resistances in Experiment 1, 1985 were recorded in 
trafficked inter-rows and the values decreased with decreasing traffic 
(Table-6), demonstrating an effect of traffic on penetration resistance 
in the adjacent rows. Location effect on penetration resistance values 
was not clear in Experiment 2 of 1985 (Table 7). The average 
penetration resistance was slightly lower in the trafficked inter-rows 
compared with the rows having traffic on neither side. This may be 
related to higher moisture content in the trafficked inter-row 
(Table 7). Soil penetration resistance was significantly smaller in 
inter-rows compared with the adjacent rows in the experiments of 1986 
(Tables 8 and 9). This response may be related to lower soil moisture 
contents in the rows and/or due to resistance of plant roots (Tables 8 
and 9). Because the penetrometer soil resistance measurement fails to 
separate resistance due to soil compaction from resistance due to soil 
moisture and plant roots, the soil penetrometer can be a poor 
indicator of soil compaction. 
The main effect of depth on penetrometer resistance was highly 
significant in all the experiments. This was expected for the reason 
that soil strength has been shown to increase with depth (Tables 6 
through 9). This is in agreement with previous investigations 
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Table 7. Effects of tillage and machinery traffic on mean soil 
penetration resistances and gravimetric moisture contents 
(Experiment 2, 1985), 30 days after planting 
Factor Level Penetration 
resistance^ 
Moisture 
content 
kPa % 
Tillage No-till 
Chisel 
1086 
1060 
18.1 
18.0 
Track 
Not-tilled 
Tilled 
1081 
1054 
17.6 
18.5 
Trafficked inter--row 1094 19.7* 
Traffic 
Row with traffic on both sides 1021 17.7^ • 
Row with traffic on one side 1029 17.7^ 
Row with traffic on top 1097 17.8^ 
Row with traffic on neither side 1099 17.5^ 
0-5 
5-10 
243* 
739^ 
13.5* 
10-15 
15-20 
1083^ 
1288^ 
18.3^ 
Depth (cm) 20-25 
25-30 
1297^ 
1266^ 
20.3^ 
30-35 
35-40 
1200^ 
1139^ 
20.1^ 
40-45 
45-50 
50-55 
1117 
1130^ 
1243' 
abcdvaiues of levels of each factor followed by different letters 
are statistically different at 90 percent or higher probability level. 
^lieans of moisture contents measured at 10 cm increments up to 
40 cm depth. 
^Means of penetration resistances measured at 5 cm increments 
up to 55 cm depth. 
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Table 8. Effects of tillage and machinery traffic on mean soil dry 
density, penetration resistance and gravimetric moisture 
contents (Experiment 1, 1986), 60 days after planting 
Factor Levels Dry density 
Penetration 
resistance 
Moisture 
content 
Mg/ra3 kPa % 
No-till 1.36 1156® 20.4 
Tillage Chisel 1.34 
00 CM O
 19.7 
Trafficked 1.36 1150* 20.1 
Traffic Untrafficked 1.33 1033^ 20.0 
Not-tilled 1.37 1204* 19.0 
Track 
Tilled 1.32 979^ 21.1 
Inter-row 1.37® 1045 21.0* 
Location 
Row 1.32^ 1138 19.lt 
0-5 1.10* 665* 17.1* 
5-10 1.24^ 935^ 19.9^ 
10-15 1.38f 1238^^ 20.2^ 
Depth (cm) 15-20 1.43fd 1295^® 20.2^ 
20-25 1.51® 1241^^ 21.1^ 
25-30 1.44^ 1177^ 21.9^ 
abcd*-T^3]^ueg of levels of each factor followed by different letters 
are statistically different at 90 percent or higher probability level. 
65 
Table 9. Effects of tillage and machinery traffic on mean soil 
penetration resistances and gravimetric moisture contents 
(Experiment 2, 1986), 60 days after planting 
Factor Levels 
Penetration 
resistance^ 
Moisture 
_m 
content 
kPa % 
Tillage 
No-till 
Chisel 
1323 
1221 
24.7 
24.6 
Trafficked 1185 26.1 
Traffic Untrafficked 1284 23.4 
Traffic on top of row 1347 24.4 
Location 
Inter-row 
Row 
1185* 
1360^ 
24.8 
24.4 
0-5 
5-10 
948* . 
1227^ 
22.7* 
Depth (cm) 
10-15 
15-20 
1474^^ 
1452^ 
25.2^ 
20-25 
25-30 
1312^ 
1219^ 
26.0^ 
abc*^®Values of levels of each factor followed by different letters 
are statistically different at 90 percent or higher probability level. 
"Vleans of moisture contents measured at 10 cm increments up to 
30 cm depth. 
^Means of penetration resistances measured at 5 cm increments up 
to 30 cm depth. 
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(Blake et al., 1976; Dechnlk et al., 1982; McKyes et al., 1979; Negi 
et al., 1981; and Soane et al., 1982). Generally, in this investigation 
soil penetration resistance increased with depth to 15-20 cm. It 
appears as if the traffic effects of agricultural machinery were only 
significant to 15-20 cm soil depth under conditions of this experiment. 
Generally, depth by tillage interaction was highly significant in 
all the experiments. Figures 7 through 9 indicate that no-till plots 
had greater soil penetration resistances compared to chiseled plots, but 
the differences ceased to exist beyond 15-20 cm soil depth. 
Soil Dry Bulk Density 
The dry bulk density of soil was measured in inter-rows and 
adjacent rows in Experiment 1 (1986). Like penetration resistance 
(Table 8), dry density was greater in no-till plots, and in trafficked 
inter-rows and untilled inter-rows compared with chiseled plots, 
untrafficked inter-rows and tilled inter-rows respectively. This 
suggests that soil dry density and penetration soil strength are two 
parallel measurements; however, there is a distinct difference between 
the two types of measurements. Penetration soil strength values for 
the effects of tillage, traffic and track tested highly significant 
whereas, no statistical difference could be detected among soil dry 
densities for the same effects. Therefore, penetration soil strength 
appears to be a more sensitive indicator of compaction than 
dry density of soil. This is further supported by Voorhees et al. 
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Figure 8. A significant depth-tillage interaction for soil 
penetration resistance (Experiment 2, 1985) 
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(1978) who compared the two techniques in a five year study and found 
that soil bulk density increased by 20 percent or less while the 
corresponding increases in penetration resistance values were up to 
400 percent for similar levels of compaction. This indicates a 
relatively greater sensitivity of cone penetrometer resistance 
measurements. In view of the ease and speed of penetrometer resistance 
measurement its use may be considered superior to soil bulk density 
measurement. However, a significant reduction in penetration 
resistance with increasing soil moisture, as discussed earlier, 
disqualifies the cone resistance measurement from characterizing the 
degree of soil compaction. 
The main effect of location was significant. The average soil 
3 density was 1.37 g/cm for inter-rows (averaged across other factors) 
3 
compared with 1.32 g/cm for rows (Table 8). This suggests that the 
effects of traffic at planting time were still in evidence by 
mid-growth season. 
The main effect of depth was highly significant. Like penetration 
soil resistance, soil density also increased with depth to 15-20 cm 
(Table 8). This again Indicates that the effects of machinery traffic 
were only evident to 15-20 cm. 
The depth by tillage interaction was significant (Figure 10). The 
major difference in soil dry densities with the two tillage systems was 
near the soil surface and the differences narrowed at lower depths. 
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Figure 10. A significant depth-tillage interaction for soil dry 
bulk density (Experiment 1, 1986) 
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In general, soil bulk density measurements supported penetration 
soil strength data, but a parallel use of the two techniques would be 
useful in detecting real differences in soil compaction. 
Soil Moisture Content 
Soil moisture measurements were taken adjacent to the soil penetra­
tion profiles. No statistical differences between the moisture contents 
of the two tillage systems could be found; however, mean soil moisture 
contents were slightly greater in the no-till plots compared 
with the chiseled plots (Tables 6 through 9). Generally, higher soil 
moisture contents have been reported in no-till plots compared to 
other tillage systems (Blevin et al., 1971; Johnson et al., 1984; and 
Kanwar, 1986). Measured moisture contents were greater in tilled 
inter-rows compared to untilled inter-rows but the difference was only 
significant in Experiment 1 (1985). This suggests that inter-row 
tillage may help in conserving additional moisture. 
The location effect was significant in two out of four experiments. 
In general, trafficked inter-rows had greater soil moisture contents 
compared with rows with or without traffic along the sides (Tables 6 
through 9). This was expected as the decreased macroporosity in the 
trafficked areas may well hold additional moisture. It also appears 
that soil moisture in the row profiles was independent of machinery 
traffic on one or both sides of the row. 
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The effect of depth on soil moisture was highly significant in 
all the experiments. Soil moisture increased with depth (Tables 6 
through 9). This moisture gradient developed due to evaporation near 
the soil surface. 
73 
CHAPTER V. SUMMARY AND CONCLUSIONS 
In view of the recent interest in controlled traffic as a 
potential method of reducing soil,compaction resulting from machinery 
traffic, the present study was conducted to investigate the effects of 
several tractor passes on both, one, neither side, as well as on top 
of com rows in chiseled and no-till plots over three years in a 
Clarion loam soil near Ames, Ipwa. The responses studied included 
several corn growth parameters and some soil physical properties. 
It is felt that faster draining and drying characteristics of 
ridges help seedling emergence under wet and cool weather conditions. 
Of course, the effect of ridges on emergence had an interaction with 
weather conditions during the emergence period. As weather stayed dry 
during 1985, the favorable effect of ridges in no-till plots 
(Experiment 1) ceased to exist. The effect, if any, of traffic on the 
side of a corn row on seedling emergence, is indirect. Traffic on 
both or one side of a row possibly results in a raised row area which 
drains faster, quickly warms up and in turn promotes faster emergence, 
particularly under cool and wet weather conditions; whereas the 
opposite is true if weather stays dry. Traffic in the row area before 
cultivation or planting creates a hard surface, causing planter penetra­
tion problems and uneven planting, resulting in poorer emergence. 
The detrimental effect of tilling the inter-rows was even greater 
when the inter-rows were trafficked. In fact, inter-rows were tilled 
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in an attempt to offset compaction effects on the side of crop rows 
and to create rough soil conditions to impede wind and water erosion. 
But tilling the inter-rows right after planting was not a good 
practice, in view of the crop responses measured in the study. Thus 
it would be a desirable practice to till the trafficked inter-rows well 
after completion of emergence in controlled traffic farming. This 
would be even more important on sloping land where water erosion can 
be drastically reduced by tilling the trafficked inter-rows and 
creating rough and cloddy soil conditions. Furthermore, inter-row 
tillage may help conserve rain moisture in dry land farming. 
Relatively poor stands observed during the second growing season 
in Experiment 1 were related to poor planter operations in no-till 
plots due to residue interference and also to uneven planting in chisel 
plowed plots. This suggests that no-till or chisel plowing alone 
cannot be successful farming systems unless the crop is properly 
planted. 
No-till plots, particularly with ridges, had a favorable effect 
on plant dry matter weight either due to faster emergence or better 
supply of nutrients. Inter-row traffic generally had undesirable 
effects on plant dry matter weight, indicating a negative effect of 
traffic early in the season. 
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Taller plants observed in no-till plots compared to chiseled plots 
were associated with faster emergence in the no-till plots. A desirable 
effect of no-till plots on plant heights, in spite of greater soil pene­
tration strength in no-till plots, can be attributed to the presence of 
biopores or root passages from the preceding crop. It may also mean 
that the differences in penetration resistances of no-till and chisel 
plowed plots were not of a magnitude to cause an adverse effect on 
plant growth. Generally, as the traffic increased plant dry matter 
weight and plant height decreased. In other words the adverse effect 
of traffic was in evidence by midgrowth season. Shorter plants were 
seen in the rows adjacent to tilled inter-rows. Actually the 
differences due to delayed emergence in the rows adjacent to tilled 
inter-rows are reflected in smaller plants. 
The effect of traffic treatments on time of tasseling was not 
significant, however traffic on neither side of the row had a slightly 
favorable effect, whereas traffic on the top of the row caused a delay 
in tasseling. Generally, plants first to emerge were first to tassel 
indicating that a delay in emergence is carried through tasseling. 
Soil penetration resistance was higher in no-till plots compared 
with chiseled plots. However, an adverse effect of the increased pene­
tration soil strength alone on crop growth was not seen. Surprisingly, 
higher soil resistance values were observed in trafficked rows compared 
with trafficked inter-rows during 1986. This was related to water use 
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by plants and plant root resistance in row areas. Generally, soil 
penetration resistance increased with depths up to 15-20 cm, beyond 
which no pattern could be observed. Soil resistance to penetration was 
more responsive to soil moisture than to machinery traffic. Thus soil 
penetration resistance may be considered a poor method to characterize 
soil compaction. 
Bulk density measurements paralleled soil penetration resistance 
measurements for different treatments. In view of statistically 
significant and much larger differences in penetration resistance 
values compared to bulk density, the former method may be preferred 
over the latter. But a dependence of cone index measurements on the 
soil moisture status limits the usefulness of the technique. Thus a 
parallel use of bulk density and cone index measurements to character­
ize soil compaction would be ideal. 
Soil moisture contents were slightly greater in no-till plots 
compared to chiseled plots but the differences were not great enough to 
make a difference in crop growth. Trafficked inter-rows had greater 
soil moisture compared with adjacent rows or untrafficked inter-rows. 
This may be related to decreased soil porosity. Increased soil 
moisture in the trafficked areas suggests an advantage of traffic, 
especially under dry weather conditions. 
Yields were significantly greater in no-till plots compared to 
chiseled plots only during the 1984 and 1986 (Experiment 1) cropping 
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seasons, due to earlier emergence in no-till plots. It may be that the 
plants that emerged late (chiseled plots) lost their vigor in emergence 
and yielded less. During 1985, none of the treatments resulted in a 
difference in yields. 
The following specific conclusions were drawn from the study. 
1. The no-till system was superior to chisel plowing as evidenced 
by early crop growth. 
2. Slight adverse effects of the traffic in row middles were 
indicated by lower plant heights and dry matter weight measure­
ments, but generally effects were not statistically different. 
3. Traffic on the row made planting difficult in both no-till and 
tilled plots, causing delayed emergence and delayed tasseling. 
4. Tilling the inter-rows right after planting covered some seeds 
deeper and resulted in delayed emergence. 
5. Different tillage and traffic treatments did not affect grain 
yield, except when significant delays in emergence in chiseled 
plots resulted in poor yields. 
6. A greater soil penetration resistance in no-till plots was not 
accompanied by adverse effects on crop growth. 
7. Restricting traffic to the same areas for two/three years did 
not affect crop growth in succeeding years. This may mean that 
natural soil amelioration was sufficient to offset traffic 
effects, or traffic, especially in the row middles, was not of 
any consequence to plants in the adjacent rows. 
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Suggested Future Work 
Results obtained in this investigation need to be studied to 
determine if they are applicable to other soil conditions and soil 
textures. 
The effects of tilling the trafficked inter-rows on crop growth in 
adjacent rows should be examined by tilling the inter-rows well after 
completion of germination. 
Documentation of soil physical conditions before and after 
tillage, and planting is needed to possibly explain plant responses 
to various treatments. 
Planting depth variations should be carefully recorded. This would 
help explain emergence rates. 
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APPENDIX A: DETAIL OF TREATMENTS, FIELD LAYOUTS 
89 
Table A.1. Factors and their levels (Experiment 1) 
Factors Levels 
No-til 1 
Till age 
Chisel 
Traffic on both s ides  of  row 
Traffic Traffic on one side of row 
Traffic on no side of row 
Track 
Track not tilled 
Track tilled 
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Table A.2. Field plot layoutCExperiment 1) 
ia 2 3 4 5 6 7 a 9 • 10 11 12 
SI SI 51 52 51 SI SI 51 51 52 52 51 
F1 F3 F2 F1 F3 F2 F1 F2 F3 F2 F3 F1 
T2 T2 T2 T2 T1 T1 12 T1 T1 T2 T2 T1 
13 14 15 IS 17 18 19 20 21 22 23 24 
52 S2 52 52 52 52 52 51 51 52 52 52 
F 1 F2 F3 F1 F1 F3 F2 F2 F3 F1 F2 F3 
T2 T2 T2 T1 T2 T1 T1 T2 T2 T1 T1 T1 
25 26 . 27 28 29 30 31 32 33 34 35 36 
S1 52 SI 51 SI 51 52 S2 51 SI 52 52 
F1 F1 F1 F3 F2 F1 F3 F2 F2 F3 F2 F3 
T2 T2 T1 T2 T2 T2 T2 T2 T2 T2 T2 T2 
37 38 39 40 41 42 43 44 45 46 47 48 
S2 51 SI 51 52 52 51 S1 SI 52 52 S2 
F1 F2 F3 F 1 F3 F2 F1 F3 F2 F1 F2 F3 
T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 
a 
Numbers refer to plot numbers 
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Table A.3. Row-wise detail of compaction patterns(Experiment 1) 
R 
I 
C' 
P 
T 
S 
H 
M 
E 
•I a 2 3 4 
.1_2-3-4-5-6-7-8-9-0-1-2-3-4-5-6-7-8-9-0-1-2-3-4-5-6-7-8-9-0-1-2-3-4-
2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1  1  1  1  1  1  1  1  1  1  1  1  •  1  1  
1  1  1  1  1  1  1  1  1  1  1  . 1  
1  2  2  2  2  2  2 2  2  2  2  2  2  2  2  2  2  2  
E E 
-8-9-0-1-2-3-4-5-6-7-8-9-0 
E E 
6 
• 1 -2-3-4- 5-6-7 
7 
•8-9-0-
E E 
1-2-3-
2 2 2 4 2 2 2 2 2 2 2 2 2 
2 2 
1 1 1 1 1 1 1 1 1 1 
1 1  1  1 1 1 1 1 1  1 1 1 
1 1 1 1 1 1 1 1 1 1 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
1 1  1 1 
E E E E E E 
g 10 1 1 
-1 -2 :-3 -4  5-6 1-7-8-9-0- 1-2-3-4-5-6 -7-8-9-0-1-2 -3 -4 -5 -6 -7  0
0 CD
 
0
 
2 2  2  2  2  
2 2  2 2 2  ;  
1  1  1 1 1 1 1 1 1 1  
1 1  1  1  1  
1  1  1  1 1  1 1 1  1  1  
2 2 2 2 2 2 2 2 2 2 2 .2 2 2 2  :  
E E 
8 
4 - 5 - 6 - 7 - 8 - 9 - 0  
2 
E E 
4 2 
E E 
12 13 14 
-6-7-8-9-0-1-2-3-4-5-6-7-8-9-0-1-2-3-4-5-6-7-
E E E E 
15 
8-9 -0 -  1 -2 -3 -4 -5 -6 -7 -3 -
4 2 4 4 4 4 4 2 4 2 
2 2 2 2 2 2 2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
1 1 1 1 
E E E E E E E E 
9-0 
8 
2 
16 17 18 19 
-1 -2 -3 -4 -5 -6 -7-8-9-0- 1-2-3 -4 -5 -6 -7  -8-9 -0 -1  -2-3 -4 -5  -6-7 -8 -9 -0 -1 - 2 -
8 3 8 8 8 4 4 2 4 2 4 6  6  6  6  6  6  
2  2  2 2  2  2  2  2  2  2  2 2  2  
1  1  1  1  
1 1 1 1 
1  
1 1 
1  
1  1 
1  1  1  1  1  1  
1  1  1 1 1 1 1  1  1 1  1  1  
2  2  2  2  2 2  2  2  2  2  2  2  2  2  2  2  2  
E E 
20 
-6-7-3-9-0-1-2-
E E 
21 
E E 
22 
E E 
23 
3_4- 5 - g - 7-8-9-0-1-2-3-4-5-6-7-8-9-0-1-2-3-4-5-6-7-8-9-0 
9 6 9 6 9 8 9 8 
2 2 2 2 8 8 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 
2 2 2 2 2 2 2 
1 1 
2 2 2 2 2 2 
1 1 
2 2 2 2 
E E E E m
 
m
 
E E 
a 
Numbers refer to plot numbers 
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Table A.3 (Continued) 
24 25 26 27 
-1-2-3-4-5-6-7-8-9-0- 1-2-3-4-5-e 1 -7-8-9-0-1 -2 -3 -4 -5 -6-7 8-9-0-• 1-2-3-4-5 
a  8 2 2 2 2 2 2 2  2 2 2 2 4  2 6 4  2  4  4  1 4  4  4  
2  2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 1 1 1 1 1 1 1 1 1 1 1 
2 2 2 2 2 2 2 2 2 2 2  2 2 2  2  2 2 2 
1 1 1 1 
E  E  E  E  E  E  E  E  
28 29 30 31 
-6-7-8-9-0-1-2-3-4-5-' S-7-8-1 9-0- 1 - ;  2-3-4-5 -6 -7-8-9-0- 1-2 -3-4 -5-6-•7-8-9-0 
2 2 2 2 2  2  
2 
1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 
2 2 2 2 2  2 2 2 2  2 2 2 2 2 2 2  2 
1 1 1 1 
E  E  E  E  E  H  E  E  
32 33 34 
- 1 -2 -3-' 4-5-6-7-8-9-0- 1 -2 -3 -4 -5 -6  -7-8-! 3-0 -1 -2-3-4-5-6-7 -8 -9 -0 - 1-2-3-4-5 
2 2 2 2  2  2 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 
a  2  2 2 2 2 2 2 ; 2 2  2 2 2 2  2  2 2 2 
1 1  1  1 1 
E E E E E E 
35 36 37  38 39 
-6 -7 -8 -9 -0 -1 -2 -3-4-5-6-7-8-9-0-1 • -2  1 -3 -4 -5 --6-•7-8-9-0-1 1-2 --3 -4 -5 -6 -7-8-9-0 
9 6 9 6 9 6 9 6 2 2 2  2  
2 2 2 2 2 2 2  
1 1 1 1 1 1 1 1 1 1 1 
1 1 1 
1 1 1 1 1 1 1 1 1 1 1 
2 2 2 2 2 2 2 2 2 2 2  ! 2 2 2  2 2  2  
1 1 1 1 
E E E  E  E E  E  E  E  E  
40 41 4 2  
-1-2-3-4 -5 -6 -7 -8 -9 -0 -1 -2-3-4 -5-6-•7 - 8  l-E 1 -0 -• 1-2-3 -4 -5 -6  1-7-•a i-9-C I-1-: 2-3-4-5 
2  2  4 2 4 2 4 4 4 4 8 8 8  8 2 4 2 
1 1 1 1 1 1 1 1  1 1 1 1 
1 1 1 1  1 1 1  1 1 1 1 1 
2 2 2  2  2  2  2  2  2  2  2  2 2 2  2  2  2 2 
E E E E E E 
43 44 45 46 
-6-7-8-9 -0"1 -2 -3 -4 -5 -6  -7-8-9 -0 -  t  -2 -3 -4 -5-G-7-8-9-0-1 -2 -3 -4 -5  -6 i -7 -8 -9 -0  
4 2 4 2 4 2  2  2  2  9 6 9 6 9 8 9 8  
2  2  2  2  
1 1 1 1 1 1 1 1 1  1  1 1 
1 1 1 1 1 1 1 1 1 1 1 1 
2 2 2 2 2  2  2  2  2  2  2 2 2 2  2  2  2  
1 1 1 1 
E  E  E E E E E E 
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Table A.3 (Continued) 
47 48 
-1-2-3-4-5-6-7 -8-9 -0-1 -2-3 -4-5-6-
6 6 6 6 6 6 
2 2 2 2 2 2 
1 1 1 1 1 1 
1 1 1 1 1 1 
2 2 2 2 2 2 2 2 2 
1 1 
E E E E 
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Table A.4. Factors and their levels (Experiment 2) 
Factors Levels 
No-t111 
Tillage 
Chisel 
Traffic on both sides of row 
Traffic on one side of row 
Traff1c 
Traffic on no side of row 
Traffic on top of row 
Track 
Track not t11 led 
Track t111ed 
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Table A.5. Field plot 1ayout(Exper1ment 2) 
2 3 4 5 e 7 a 9 10 11 12 13 14 15 16 
S2 S2 S2 SI SI SI SI S2 S2 SI SI S1 S2 SI S2 S2 
F4 F3 F2 F4 F1 F2 F3 F1 F1 F1 F2 F3 F4 F4 F3 F2 
T1 Ti TI TI T2 TI TI T2 TI TI T2 T2 T2 T2 T2 T2 
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
S1 SI SI 32 S2 S2 SI SI SI S2 S2 S2 SI SI S2 S2 
F2 F3 F4 F4 F2 F3 F1 F2 F3 F3 F2 F1 F4 F1 F1 F4 
T2 T2 T2 T2 T2 T2 T2 TI TI TI TI T2 TI TI TI TI 
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 
S2 S2 S2 SI S1 S2 S2 S2 SI S1 SI S2 S2 S1 SI SI 
F4 F3 F2 F3 F2 F4 F2 F3 F4 F1 F4 F1 F1 F1 F3 F2 
T2 T1 T1 T2 T2 TI T2 T2 TI T2 T2 TI T2 TI TI TI 
49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 
SI SI S2 SI SI SI S2 S2 SI S2 S1 SI S2 S2 S2 S2 
F2 F3 F4 F4 F3 F2 F1 F4 F1 F1 F1 F4 F3 F2 F3 F2 
T1 TI T2 T2 T2 T2 T2 T1 TI TI T2 T1 TI TI T2 T2 
a 
Numbers refer to plot numbers 
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Table A.6. Row-wise detail of compaction patterns(Exper1 ment 2) 
2 3 4 
R -1-2 -3-•4-5-6-7' -a-•9-0- 1-2-3-4-5 -6-7-8 -9-0- 1-2-3-4-5 -6-7 -8 -9-0-1-2 -3-4-5 
1 15 5 515 515 5 51 1 1 1 1 1 1 13 3 313 313 3 31 
C 2 2 2 2 2 2 2 2 2 2 
P 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
T 
S 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
M 1 1 1 1 
E E E E  E  
5 6 7 8 
6-7-6-9-0-1-i -3 -4-E -6-7-8-9-0-1-2-3 -4-5 -6-7 
0
 
0) CO 
-1-2 -3 -4-6 -6-7-8 -9-< 
3 3 3 3 3 3 3 1 11 1 1 1 5 5 5 5 5 5 
2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 
E E E  E  
9 10 11 12 
1-2-3-4-5 -6-7 -8 -9-0 -1 - 2- 3- 4- 5- 6- 7 -8 -9-0 -1-2 -3-4-5 -6-7 -8 -9-0 -1-2-3 -4-E 
15 5 1 5 1 5 6 3 13 3 13 1 3 4 
2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 
E E E  E  
13 14 15 16 
5-7 -8 -9 -0  -1-2 -3 -4 -5 -6 -7 -8 -9 -0 -1"2  -3-•4 -5 -6 -7 -8 -9 -0 -1 -2  -3--4-5--6-7-8-•9-0 
5 5 5 5 5 5 5 5 3 3 3 3 3 3 3 3 
2 2 2 2 2 2 2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
E E E  E  
17 18 19 20 
-2-3-4-5-6-7-8-9-0- 1 - 2-3-4-5-6-7--8-9-0- 1-2-3-4-5-6-7-8-9 -0 - 1-2-3-4-5 
3 3 3 3 3 3 3 3 5 5 5 5 5 5 5 5 
2  2 2 2  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 
1 
1 
1 
1 1 1 1 1 
1 
1 
1 
1 1 1 1 
E E E  
21 22 23 24 25 
-1-2-3-4-5 -6-7 -8-9-0- -2 -3 -4 -5 -6 -7 -8-9 -0 - 1-2-3 -4 -5 -6 -7 -8 -9 -0  
3 3 3 3 3 3 3 3 1 1 1 1 
2 2 2 2 
1 1 1 1 1 11 1 1 1 1 1 
1 1 1 1 1 11 1 
1 1 1 1 1 11 1 1 1 1 1 
1 1 1 1 1 11 1 1 1 1 1 
a 
Numbers refer to plot numbers 
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T a b l e  A . 6  ( C o n t i n u e d )  
26 27 28 29 
1-2-3 -4-5 -6-7 -8-9-0- 1-2-3 -4-5 -6-7-8 -9-0- 1-2-3-4-5-6-7-8 -9-0- 1-2-3-4-5 
1 1 1 1 1 1 1 1 5 5 5 5 5 5 13 3 313 
2 2 2 2 2 2 2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 
30 
-6-7-8-9-0"* l-2-3"'4"5-6-7-8-9-0-1-2"3 
31 
-4-5-6 
33 
•7-8-9-0-1-2-3-4" 5-6 -7 -8 -9 -0  
313 3 31 3 1 3 3 1 3 1 3 4 5 1 5 5 1 5 1 5 6 15 5 515 515 5 51 
2 2 2 2 2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 
33 34 35 36 37 
-  1 -2 -3 -4 -5 -6 -7 -8 -9 -0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -0 -1 -2 -3 -4 -5  
5 5 5 5 5 5 5 5 1  1  1  1  1  1  
2  2  2  2  2  2  2  2  2  2  
1  1  1  1  1  1  1  1  1  1  1  1  
1  1  1  1  1 1  
1  1  1  1  1  1  1  1  1  1  1  1  
1  1  1  1  1  1  1  1  1  1  1  1  
1  1  1  1  
E E E E 
38 39 40 
-6-7-8--9-0-1-2  -3-4-5-6-7-8-9-0-1 -2  -3--4-5 -6-7 -8 -9-0-1-2  -3 -4 -
15 5 515 515 5 51 
2  2  2  2  2  2  2  2  2  2  
1  1 1 1 1  1 1 1 1 1  1 
1  1 1 1  1 1  1 
1 1 1 1 1  1  1 1 1 1  1 
1 1 1  1 1 1 1 1  1 1  1 
1 1 1 
E E E 
41 42 43 
-1-2-3-4-5 -6-7--8-9-0" 1-2-3-4-5-6 -7 -8-9-0 -1-2 -3 cn
 
6-7 -8-9-
313 3 31 3 3 3 3 3 3 3 33 3 3 3 3 3 3 3 5 1  5 5 1 
13 3 313 
1 
1 
1 
44 
-3-4-5 
5 1 5 
2 
1 
1 
1 
45 46 47 48 
-6 -7 -8 -9 -0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -0 -1 -2 -3 -4 -5 -6 -7 -
5 5 5 5 
2 
1 
1 
1 
1 
5 5 5 8 
2 2 
13 3 13 13 
8-9 -0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -0  
11 11 1 
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T a b l e  A . 6  ( C o n t i n u e d )  
• 1 - 2 -
1 
49 50 51 
-2 -3-4-5 -6-7 -8 -9 - i  
5 5 5 5 5 5 5 5 
2 2 2 2 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
52 
-0-1-2-3-4-5-6-7-8-9-0-1 
3 3 3 3 3 3 3 3  
54 
E 
55 
-6-7-8-9-0-1-2-3-4-5-6-7-8-9-0-1-2 
5 5 15 
2" 
1 
1 
1 
1 
56 57 
-3-4-5-6-7-8-9-0-1-2-3-4-5-6 
5 515 515 5 51 3 1 3 3 1 3 
58 59 
E 
60 
- 1 -2-3-4-5-6-7-8-9-0-1-2-3-4-5-6-7-8-9-0-1-2-3-4-5-6-7 
5 1 5 5 1 5 1 5  6 3  3 3  :  
• 8 -
3 3 3 3 13 3 313 313 3 
9-0-
31 
2 2 2 2 
1 1 1 1 1 1 1 
1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
E E 
62 63 64 
-7 -8-9-0- 1-2 -3-4-5 -6-7 -8-9-0- 1-2 
1 1 
2 2 2 2 2 2 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
E E E 
53 
-2-3-4-1 
1 1 
1 1 
1 1 
1 1 
E 
1 03
 
9-1 
1 3 4 
1 1 
1 1 
1 1 
1 1 
61 
-2-3-4-
1 1 
2 2 
1 1 
1 1 
1 1 
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Table A.7. A sample computer program for analysis of variance 
using PROC GLM 
// JOB 13304,SIAL 
/•JOBPARM BIN=228 
// EXEC SAS 
//INDAT DD DSN=d.13304.E9186,UNIT=DISK,DISP=SHR 
//SYSIN DD • 
DATA E9186: 
INFILE INDAT: 
INPUT BLOCK $ SOIL $ TRAFFIC $ XI X2 X3 X4 X5: 
FORMAT X1-X5 4.0; , , 
X1=(X1/62)*100:X2=(X2/62)*100:X3=(X3/62)*100:X4=(X4/62)*100: 
X5=(X5/62)M00: 
PROC PRINT DATA=E9186; 
PROC MEANS DATA=E9186: 
PROC GLM DATA=E9186:CLASSES SOIL TRAFFIC: 
MODEL XI X2 X3 X4 X5=S0IL TRAFFIC 
SOIL*TRAFFIC 
/P SSI SS3: 
LSMEANS SOIL TRAFFIC/ STDERR PDIFF: 
OUTPUT OUT=NEW RESIDUAL=R PREDICTED»?; 
MEANS SOIL TRAFFIC SOIL*TRAFFIC; 
PROC UNIVARIATE DATA=NEW NORMAL PLOT ; 
VAR R; 
PROC PLOT DATA=NEW: 
PLOT R*P /HP0S=56; 
// 
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Table A.8. A sample computer program for analysis of variance 
using PROC ANOVA 
// JOB 13304,SIAL 
/•OOBPARM BIN=228 
// EXEC SAS.REGION»4500K,TIME=1 
//INDAT DD D S N = J .13304.P91N,UNIT=DISK,DISP=SHR 
//SYSIN DD • 
DATA P91N; 
INFILE INDAT: 
INPUT BLOCK $ SOIL $ TRACK $ GRID $ X1-X11: 
FORMAT X1-X11 4.0; 
X1='(X1/1.2e7)*10:X2=(X2/1.267)*10:X3=(X3/1.267)*10:X4=(X4/1.267)*10; 
X5=(X5/1.267)*10;X6=(X6/1.267)*10:X7=(X7/1.267)»10:X8=(X8/1.267)»10; 
X9n(X9/1.267)*10:X10=(X10/1.267)•10;X11=(X11/1.267)*10; 
PROC PRINT DATA=P91N; 
DATA NP91N;SET P91N; 
ARRAY X (I) X1-X11; DO 1 = 1 TO 11:PENET = X: DEPTH=I; OUTPUT : END ; 
DROP X1-X11; 
PROC ANOVA DATA=NP91N:CLASSES BLOCK SOIL TRACK GRID DEPTH; 
MODEL PENET=SOIL TRACK SOIL*TRACK 
SOIL*TRACK*BLOCK GRID GRID*SOIL GRID*TRACK 
GRID»SOIL»TRACK*BLOCK DEPTH DEPTH*SOIL 
DEPTH»TRACK DEPTH»GRID SOIL»TRACK*GRID*DEPTH* 
BLOCK; 
TEST H=SOIL TRACK SOIL*TRACK 
E=SOIL*TRACK*BLOCK; 
TEST H=GRID GRID*SOIL GRID*TRACK 
E=GRID*SOIL*TRACK*BLOCK; • 
TEST H=DEPTH DEPTH*SOIL DEPTH*TRACK DEPTH*GRID 
E=DEPTH»GRID*SOIL»TRACK*BLOCK; 
MEANS SOIL TRACK GRID DEPTH SOIL*TRACK 
GRID*SOIL GRID*TRACK DEPTH*SOIL 
DEPTH*TRACK DEPTH*GRID; 
// 
lOi 
APPENDIX B. DATA AND ANALYSES, EXPERIMENT 1, 1984 
Table B.l. Percentage emergence and dryi matter-weight 
Block Till Traffic Track 
B1 SI F1 T1 
B1 SI F1 T2 
B1 SI F2 T1 
El SI F2 T2 
B1 SI F3 T1 
B1 SI F3 T2 
B1 S2 F1 T1 
B1 S2 F1 T2 
B1 S2 F2 T1 
B1 S2 F2 T2 
B1 S2 F3 T1 
B1 S2 F3 T2 
B2 SI F1 T1 
B2 SI F1 T2 
B2 SI F2 T1 
B2 SI F2 T2 
B2 SI F3 T1 
B2 SI F3 T2 
B2 S2 F1 T1 
B2 S2 F1 T2 
B2 S2 F2 T1 
B2 S2 F2 T2 
B2 S2 F3 T1 
B2 S2 F3 T2 
Emergence Plant dry matter weight. 
• Days after planting 
13 15 21 25 35 49 63 
— percent (g/plant) 
69 74 75 75 77 20.1 64.0 
89 93 95 95 95 25.3 65-8 
81 90 92 93 93 18.4 48.1 
72 81 82 83 83 39.9 50.7 
86 92 93 93 93 26.1 50.1 
87 94 97 98 98 39.3 
87 87 91 91 91 20.0 69.3 
67 75 79 80 81 14.5 48.7 
69 80 81 81 84 16.6 56.5 
58 70 80 81 81 14.2 52.0 
60 71 76 79 81 25.3 39.7 
82 85 88 86 87 28.7 60.8 
81 83 86 86 86 22.9 53.3 
85 87 90 92 92 28.4 67.2 
86 91 88 90 90 25.0 60.1 
81 86 86 87 87 23.1 59.5 
82 82 85 86 88 21.5 67.1 
86 92 93 94 94 17.3 52.2 
86 86 92 92 92 14.1 44.9 
73 80 85 85 85 19.9 45.4 
68 81 83 84 85 13.6 50.1 
73 77 81 81 81 22.2 43.5 
65 74 77 77 77 17.0 69.4 
Table B.l (Continued) 
Block Till Traffic Track 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 SI F2 T2 
B3 SI F3 T1 
B3 SI F3 T2 
B3 S2 F1 T1 
B3 S2 F1 T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 81 F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 82 F3 T1 
B4 S2 F3 T2 
Emergence Plant dry matter weight 
Days after planting 
13 15 21 25 35 49 63 
— percent - (g/plant) 
77 80 83 86 86 21.7 55.7 
53 64 70 70 72 22.7 67.6 
73 69 83 83 83 27.3 69.9 
69 80 85 85 85 32.1 82.0 
78 84 92 94 91 26.0 65.0 
80 86 92 91 86 . 29.2 69.5 
81 82 85 86 86 17.2 44.0 
88 91 92 93 93 
66 81 83 83 83 19.0 68.3 
56 68 78 78 78 30.2 73.5 
75 85 87 85 86 21.9 72.9 
68 79 60 81 81 25.4 67.1 
90 95 97 97 97 38.3 96.2 
75 80 83 83 83 27.2 67.6 
86 92 92 92 92 26.6 71.0 
37.7 • 97.3 
81 85 90 90 91 25.8 74.7 
73 82 86 86 86 29.7 70.1 
81 85 86 86 86 15.4 56.5 
79 77 87 87 87 22.2 55.8 
70 78 79 79 79 
73 76 81 81 80 27.1 50.0 
64 74 81 81 81 19.3 86.0 
Table B.2. Plant heights 33 days after planting 
Block Till Traffic Track 
B1 SI F1 T1 
B1 SI F1 T2 
B1 SI F2 T1 
B1 SI F2 T2 
B1 SI F3 T1 
B1 SI F3 T2 
B1 S2 F1 T1 
B1 S2 F1 T2 
B1 S2 F2 T1 
B1 S2 F2 T2 
B1 S2 F3 T1 
B1 S2 F3 T2 
B2 SI F1 T1 
B2 SI F1 T2 
B2 SI F2 T1 
B2 SI F2 T2 
B2 SI F3 T1 
B2 SI F3 T2 
B2 S2 F1 T1 
B2 S2 F1 T2 
B2 S2 F2 T1 
B2 S2 F2 T2 
B2 S2 F3 T1 
B2 S2 F3 T2 
Plant heights 
Plant No. 
1 2 3 4 5 6 7 8 9  1 0  
- - - - -• — - - -
— cm - - - - -
16 13 11 13 15 14 12 17 16 14 
8 9 9 6 4 11 9 10 11 8 
15 18 18 17 15 14 16 14 15 14 
12 13 13 16 18 13 14 13 13 18 
11 12 13 14 14 14 17 18 15 18 
16 16 13 16 17 12 6 10 8 8 
8 8 8 5 6 7 8 9 6 6 
11 11 14 9 15 10 10 15 12 8 
11 8 11 10 10 8 6 9 5 6 
11 8 11 7 11 9 9 13 8 11 
11 11 11 8 8 8 8 4 . 7 8 
13 11 14 14 11 12 9 9 11 10 
17 18 17 18 18 17 17 16 15 16 
14 12 13 14 15 14 14 12 12 10 
17 14 19 16 13 12 17 14 15 17 
16 18 14 17 18 16 17 18 13 16 
14 11 12 13 13 12 11 8 8 16 
17 17 14 18 13 15 13 13 11 12 
10 11 11 10 11 12 12 10 11 13 
11 10 8 8 11 8 8 9 8 8 
11 11 10 9 12 12 14 15 11 8 
10 10 7 8 . 8 11 10 10 9 8 
12 4 12 11 10 10 10 12 11 6 
12 13 10 9 9 7 9 11 7 7 
Table B.2 (continued) 
Block Till Traffic Track 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 SI F2 T2 
B3 SI F3 T1 
B3 SI F3 T2 
B3 S2 F1 T1 
B3 S2 F1 T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 SI F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 81 F3 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 S2 F3 T1 
B4 S2 F3 T2 
Plant heights 
1 2 3 4 
11 13 11 10 
13 15 10 10 
12 16 17 14 
15 15 14 16 
15 15 15 15 
15 14 16 11 
9 9 10 11 
6 5 4 6 
10 13 16 7 
13 10 6 11 
14 16 13 13 
13 10 10 16 
13 15 • 16 14 
9 15 11 11 
18 18 19 19 
14 15 13 18 
13 17 18 13 
17 18 18 14 
8 9 7 9 
10 8 11 9 
11 10 9 11 
12 12 13 13 
11 8 11 9 
14 16 14 15 
No. 
6 7 8 9 10 
16 15 16 15 17 
13 13 15 16 16 
11 11 13 14 15 
12 13 11 16 13 
18 17 15 14 15 
14 13 12 13 13 
10 15 14 15 12 
7 5 6 6 7 
13 11 14 12 14 
14 12 8 11 13 
16 14 14 16 12 
10 13 11 12 13 
17 13 11 16 15 
15 16 14 18 16 
16 16 15 16 17 
17 12 14 17 16 
14 16 17 19 16 
13 14 9 13 14 
11 7 6 8 13 
10 8 7 8 11 
10 8 10 8 7 
13 14 13 15 13 
11 10 10 8 9 
9 9 14 12 14 
Plant 
5' 
- cm -
16 
14 
14 
13 
13 
10 
14 
4 
10 
11 
12 
8 
15 
13 
17 
18 
17 
14 
8 
12 
9 
9 
11 
8 
Table B.3. Plant heights 42 days after planting 
Plant heights 
Plant 
5 
No. 
6 Lock Till Traffic Track 1 2 3 4 7 8 9 10 
B1 SI F1 T1 36 30 27 29 
-- cm -
31 30 27 36 33 28 
B1 SI F1 T2 19 19 19 15 13 24 24 24 25 22 
B1 81 F2 T1 32 38 44 36 32 35 37 29 30 31 
B1 SI F2 T2 27 36 30 35 33 28 26 25 34 25 
B1 SI F3 T1 28 27 30 32 32 42 40 39 33 37 
B1 SI F3 T2 41 31 33 32 37 29 20 25 21 23 
B1 82 F1 T1 19 20 19 16 16 18 19 19 15 16 
B1 S2 F1 T2 30 27 30 23 30 24 23 33 27 19 
B1 82 F2 T1 26 19 26 19 25 23 17 19 12 13 
B1 82 F2 T2 28 17 26 20 25 23 22 29 21 28 
B1 82 F3 T1 29 32 29 24 25 22 22 13 21 22 
B1 S2 F3 T2 33 29 37 28 27 29 24 23 26 29 
B2 SI F1 T1 35 38 36 42 39 38 32 37 37 35 
B2 81 F1 T2 33 24 32 33 36 33 32 27 30 22 
B2 81 F2 T1 40 35 44 32 30 26 38 33 37 38 
B2 81 F2 T2 37 37 34 37 42 40 42 43 29 38 
B2 81 F3 T1 28 26 25 28 29 29 27 20 17 36 
B2 81 F3 T2 33 39 27 39 31 38 35 30 24 26 
B2 82 F1 T1 24 27 24 24 28 31 29 31 26 31 
B2 82 F1 T2 26 20 21 24 26 17 19 19 17 19 
B2 82 F2 T1 24 25 23 23 30 28 35 32 24 21 
B2 S2 F2 T2 24 21 20 21 25 24 26 21 19 
B2 82 F3 T1 33 30 29 27 27 25 30 28 17 
B2 82 F3 T2 29 25 23 21 15 22 27 19 21 27 
Table B.3 (Continued) 
Block Till Traffic Track 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 81 F2 T2 
B3 SI F3 T1 
B3 SI F3 T2 
B3 S2 F1 T1 
B3 S2 F1 T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 SI F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 S2 F3 T1 
B4 S2 F3 T2 
Plant heights 
1 2 3 4 5 
cm 
33 33 34 26 38 
30 32 21 23 34 
33 36 35 39 39 
29 34 33 38 35 
28 41 40 36 36 
37 33 35 27 29 
25 17 23 30 33 
18 15 11 17 15 
25 26 39 29 30 
32 30 21 30 32 
35 39 33 31 29 
27 28 29 33 20 
30 34 38 34 33 
28 32 20 25 34 
42 46 46 44 42 
37 37 29 43 43 
33 37 42 29 45 
40 39 39 30 31 
19 21 19 19 18 
28 23 26 26 34 
22 23 18 19 19 
31 40 46 37 21 
21 20 21 15 19 
32 32 34 34 26 
7 8 9 10 
28 34 37 41 
33 31 37 34 
38 41 36 37 
36 29 40 30 
25 38 34 37 
30 31 30 32 
37 31 41 35 
16 19 20 20 
28 38 35 34 
29 20 27 32 
38 37 36 35 
29 31 35 36 
30 39 27 44 
37 31 38 40 
36 41 40 41 
25 31 37 33 
40 42 51 38 
27 35 26 33 
21 19 17 30 
26 23 22 31 
19 20 15 18 
30 37 28 37 
20 20 17 17 
35 42 30 37 
No. 
6 
40 
43 
42 
30 
. 28 
35 
30 
17 
30 
34 
40 
24 
35 
34 
42 
37 
34 
34 
26 
24 
20 
29 
23 
28 
Table B.4. Plant heights 53 days after planting 
Block Till Traffic Track 1 2 
B1 SI F1 T1 102 91 
HI SI F1 T2 49 47 
B1 SI F2 T1 90 100 
B1 SI F2 T2 83 98 
B1 SI F3 T1 78 68 
B1 SI F3 T2 104 89 
B1 S2 F1 T1 61 63 
B1 S2 F1 T2 83 79 
B1 S2 F2 T1 79 62 
B1 S2 F2 T2 83 55 
B1 S2 F3 T1 84 93 
B1 S2 F3 T2 89 83 
B2 SI F1 T1 97 96 
B2 SI F1 T2 97 81 
B2 SI F2 T1 110 103 
B2 SI F2 T2 97 100 
B2 SI F3 T1 91 85 
B2 SI F3 T2 100 104 
B2 S2 F1 T1 78 86 
B2 S2 F1 T2 82 74 
B2 S2 F2 T1 76 69 
B2 S2 F2 T2 71 67 
B2 S2 F3 T1 88 40 
B2 S2 F3 T2 84 71 
Plant heights 
4 
f j -an  
5 
-- cm 
t  NO.  
6 7 8 9 10 
87 96 98 79 92 82 
35 32 64 64 68 60 54 
97 84 95 95 84 93 82 
85 88 83 79 82 97 60 
94 99 106 101 96 94 95 
85 95 72 54 68 59 59 
54 56 60 66 64 53 54 
84 84 79 74 96 81 59 
58 83 77 53 65 38 42 
54 79 66 69 81 67 78 
74 75 75 72 40 62 80 
81 82 80 69 71 75 86 
110 101 98 98 98 90 87 
95 99 97 92 91 91 74 
101 91 82 102 87 104 103 
95 112 97 106 108 84 94 
92 87 88 80 60 58 100 
105 87 100 85 92 68 76 
72 84 94 87 94 76 89 
79 82 62 58 60 55 63 
70 85 84 100 92 71 69 
63 57 74 76 79 69 57 
80 77 76 70 73 71 50 
40 72 76 86 61 58 78 
3 
87 
43 
103 
85 
82 
87 
66 
66 
79 
76 
86 
92 
93 
91 
115 
86 
86 
82 
73 
72 
69 
37 
82 
71 
Table B.4 (Continued) 
Block Till Traffic Track 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 SI F2 T2 
B3 SI F3 T1 
B3 SI F3 T2 
B3 S2 F1 T1 
B3 S2 F1 T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 SI F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 S2 F3 T1 
B4 S2 F3 T2 
Plant heights 
1 2 3 4 
100 104 106 87 
82 51 57 74 
95 101 106 105 
86 93 89 100 
86 109 104 104 
97 88 84 84 
77 54 73 88 
53- 51 38 54 
75 96 108 94 
97 88 60 89 
93 107 94 93 
78 87 92 86 
92 96 105 98 
81 85 68 74 
117 123 121 109 
104 107 104 115 
97 112 115 91 
101 102 92 87 
70 72 67 72 
73 84 89 80 
50 56 44 46 
91 102 112 105 
54 57 55 32 
100 87 100 91 
No. -
6 7 8 9 10 
113 96 100 109 110 
105 93 86 99 96 
114 111 106 101 107 
93 94 84 99 85 
84 78 105 107 106 
95 79 91 85 91 
95 108 104 105 101 
56 55 57 65 60 
94 86 109 101 102 
100 87 62 90 90 
107 94 100 100 101 
81 91 91 102 100 
108 96 105 84 112 
99 95 85 110 107 
101 100 106 103 114 
100 77 91 106 94 
98 110 117 122 114 
95 87 77 95 96 
84 74 64 66 93 
81 81 78 76 94 
45 32 37 46 47 
97 111 74 101 91 
63 50 40 38 32 
86 101 109 87 100 
Plant 
5 
-- cm 
110 
86 
108 
98 
100 
95 
100 
51 
90 
98 
84 
63 
99 
94 
111 
100 
112 
89 
72 
97 
41 
70 
46 
83 
Table B.5. Plant heights 75 days after planting 
Block Till Traffic Track 
B1 SI F1 T1 
B1 SI F1 T2 
B1 SI F2 T1 
B1 SI F2 T2 
B1 SI F3 T1 
B1 SI F3 T2 
B1 S2 F1 T1 
B1 S2 F1 T2 
B1 S2 F2 T1 
B1 S2 F2 T2 
B1 S2 F3 T1 
B1 S2 F3 T2 
B2 SI F1 T1 
B2 SI F1 T2 
B2 SI F2 T1 
B2 SI F2 T2 
B2 SI F3 T1 
B2 SI F3 T2 
B2 S2 F1 T1 
B2 S2 F1 T2 
B2 S2 F2 T1 
B2 S2 F2 T2 
B2 S2 F3 T1 
B2 S2 F3 T2 
Plant heights 
Plant No, 
1 2 3 4 5 
--cm 
6 7 8 9 10 
188 198 206 208 213 213 193 198 213 216 
178 175 174 161 161 183 188 184 192 188 
206 198 206 203 188 196 196 206 188 208 
183 179 196 194 178 191 208 193 201 193 
208 191 198 208 198 186 208 191 191 196 
180 184 197 217 203 194 189 196 178 187 
196 201 196 183 193 203 203 198 188 191 
201 204 192 188 205 198 208 206 208 198 
206 201 208 191 198 208 191 193 173 181 
201 193 211 193 196 203 198 193 213 190 
203 206 211 203 208 208 208 203 208 216 
206 185 193 196 191 185 201 191 191 206 
193 170 180 175 193 180 196 196 183 193 
221 201 191 196 201 211 201 193 198 211 
206 208 211 208 218 221 193 196 208 208 
193 198 196 211 191 201 193 188 203 183 
203 223 221 211 223 206 213 216 196 191 
196 193 203 193 221 191 203 211 198 191 
196 203 193 185 193 188 196 183 185 193 
175 198 196 183 191 196 191 186 184 203 
178 175 170 175 188 201 193 180 180 180 
188 193 104 191 191 183 188 185 178 196 
170 
. 191 185 191 180 175 183 173 . 175 
206 183 208 203 198 216 201 195 209 191 
Table B.5 (Continued) 
Block Till Traffic Track 1 
B3 SI F1 T1 206 
B3 SI F1 T2 203 
B3 SI F2 T1 213 
B3 SI F2 T2 173 
B3 SI F3 T1 203 
B3 SI F3 T2 206 
B3 82 F1 T1 193 
B3 S2 F1 T2 178 
B3 S2 F2 T1 198 
B3 S2 F2 T2 173 
B3 S2 F3 T1 201 
B3 S2 F3 T2 188 
B4 SI F1 T1 203 
B4 SI F1 T2 206 
B4 SI F2 T1 208 
B4 SI F2 T2 206 
B4 SI F3 T1 211 
B4 SI F3 T2 206 
B4 S2 F1 T1 201 
B4 S2 F1 T2 188 
B4 S2 F2 T1 152 
B4 82 F2 T2 208 
B4 S2 F3 T1 155 
B4 82 F3 T2 218 
Plant heights 
3 4 
Plant 
5 
No. 
6 7 8 9 10 
216 206 213 185 193 215 185 201 
193 163 198 185 180 188 200 199 
218 205 199 211 223 201 221 216 
165 191 201 211 198 196 193 203 
206 201 198 216 221 218 198 218 
180 203 206 193 213 193 208 191 
203 208 201 211 213 198 196 203 
181 198 201 188 201 196 188 191 
196 203 201 203 211 211 208 208 
226 206 203 193 188 211 198 216 
201 201 203 205 207 236 198 203 
196 196 201 203 206 191 201 208 
208 215 195 219 216 211 218 208 
211 216 213 193 178 198 208 203 
211 198 213 193 196 191 193 206 
223 225 201 208 211 211 203 223 
208 228 217 226 223 196 211 218 
208 216 211 213 213 213 213 211 
211 213 215 197 196 198 201 206 
193 203 191 198 205 194 206 188 
167 155 166 168 164 169 169 157 
206 191 203 208 198 208 183 183 
168 163 170 173 173 183 159 172 
211 223 216 208 211 191 208 203 
2 
213 
188 
223 
193 
216 
201 
196 
193 
188 
211 
196 
213 
196 
185 
203 
208 
201 
208 
211 
193 
175 
183 
159 
213 
Table B.6. Plant diameters 34 days after planting 
Block Till Traffic Track 
B1 SI F1 T1 
B1 SI F1 T2 
B1 SI F2 T1 
B1 SI F2 T2 
B1 SI F3 T1 
B1 SI F3 T2 
B1 S2 F1 T1 
B1 S2 F1 T2 
B1 S2 F2 T1 
B1 S2 F2 T2 
B1 S2 F3 T1 
B1 S2 F3 T2 
B2 SI F1 T1 
B2 SI F1 T2 
B2 SI F2 T1 
B2 SI F2 T2 
B2 SI F3 T1 
B2 SI F3 T2 
B2 S2 F1 T1 
B2 S2 F1 T2 
B2 S2 F2 T1 
B2 S2 F2 T2 
B2 S2 F3 T1 
B2 S2 F3 T2 
Plant diameters 
1 2 3 4 
f xant 
5 
— cm 
; wo. 
6 7 8 9 10 
2.1 1.8 1.8 2.0 1.8 1.9 1.8 2.2 2.0 1.7 
1.6 1.4 1.3 1.0 1.6 1.6 1.6 1.0 1.7 1.6 
2.1 2.1 2.4 2.2 2.1 2.0 2.2 1.7 2.0 1.9 
2.3 2.2 1.9 2.0 2.2 1.7 1.3 1.6 1.4 1.4 
1.6 1.8 1.8 2.1 2.3 2.9 2.5 2.2 2.1 2.4 
1.9 2.2 1.8 2.1 1.9 1.9 1.8 1.8 2.0 1.3 
1.3 1.3 1.3 1.1 1.1 1.3 1.4 1.3 1.3 1.2 
2.0 1.8 1.9 1.6 2.1 1.7 2.1 2.0 1.8 1.4 
1.7 1.3 1.8 1.4 1.7 1.4 1.0 1.3 0.9 1.0 
1.7 1.3 1.6 1.3 1.6 1.5 1.6 1.8 1.4 1.6 
1.8 1.8 1.7 1.4 1.6 1.6 1.6 1.0 1.2 1.4 
1.9 1.9 2.2 1.9 1.7 1.8 1.6 1.4 1.8 1.8 
2.4 2.4 2.1 2.1 3.0 2.2 2.5 2.4 2.1 2.2 
2.5 1.8 1.9 1.9 2.2 2.1 1.9 1.8 1.8 1.6 
2.1 2.1 2.4 2.1 1.8 1.6 2.2 1.8 2.0 2.4 
2.2 2.1 1.9 2.1 2.2 2.1 2.1 2.3 1.6 2.3 
1.8 1.6 1.7 1.8 1.7 1.8 1.9 1.4 1.3 2.2 
1.9 2.1 2.1 2.3 1.8 2.2 2.1 1.8 1.8 1.8 
1.8 1.8 1.6 1.5 1.7 1.9 1.9 1.9 1.6 1.9 
1.6 1.4 1.3 1.6 1.6 1.3 1.3 1.4 1.3 1.3 
1.8 1.6 1.6 1.6 2.1 1.8 2.1 2.1 1.6 1.4 
1.4 1.3 1.3 1.5 1.3 1.7 1.6 1.8 1.5 1.4 
2.0 1.1 1.9 1.8 1.8 1.6 1.6 1.9 1.8 1.3 
1.8 1.8 1.8 1.6 1.0 1.5 1.8 1.3 1.3 1.6 
Table B.6 (Continued) 
Block Till Traffic Track 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 SI F2 T2 
B3 SI F3 T1 
B3 SI F3 T2 
B3 S2 F1 T1 
B3 S2 F1 T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 SI F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 S2 F3 T1 
B4 S2 F3 T2 
Plant diameters 
Plant No. 
1 2 3 4 5 6 7 8 9  1 0  
era 
1.9 2.1 1.9 1.4 2.1 2.4 1.9 2.1 2.2 2.7 
1.9 2.1 1.4 1.8 2.2 2.3 2.1 2.2 2.2 2.2 
2.1 2.1 2.1 2.0 2.0 2.2 2.2 2.4 2.1 2.2 
2.1 2.2 2.1 2.5 2.2 1.9 2.2 1.9 2.4 2.1 
1.8 2.4 2.4 2.2 1.9 1.9 1.8 1.9 2.2 2.1 
1.9 2.2 2.7 1.8 1.8 2.5 1.8 2.1 2.0 2.1 
1.8 1.4 1.6 1.8 2.0 1.9 2.1 2.2 2.2 1.9 
1.2 1.3 1.0 1.2 1.0 1.3 1.3 1.3 1.3 1.3 
1.8 1.9 2.4 2.1 1.8 2.0 1.8 2.2 1.9 2.1 
2.1 1.7 1.9 1.9 1.9 2.2 1.8 1.3 1.7 2.0 
2.1 2.4 2.0 2.1 2.0 2.5 2.1 2.4 2.1 2.4 
1.8 1.8 1.8 1.8 1.3 1.4 2.1 1.8 1.9 2.0 
2.1 2.1 2.2 2.1 2.1 2.2 2.4 1.9 2.5 2.1 
1.8 1.9 1.6 1.4 2.1 2.3 2.2 2.1 2.5 2.5 
2.5 2.3 2.7 2.4 2.2 2.5 2.5 2.2 2.7 2.7 
2.4 2.5 1.8 2.4 2.2 2.2 1.6 2.0 2.2 2.1 
2.1 2.3 2.7 1.8 2.4 2.1 2.4 2.7 2.4 2.1 
2.5 2.4 2.4 2.0 1.9 1.9 1.8 2.0 2.1 2.1 
1.5 1.5 1.5 1.5 1.3 1.6 1.4 1.4 1.3 1.8 
1.9 1.4 1.8 1.6 2.2 1.7 1.9 1.6 1.4 2.0 
1.6 1.8 1.3 1.4 1.5 1.5 1.4 1.4 1.1 1.3 
2.1 2.4 2.7 2.1 1.4 1.7 1.8 2.1 1.8 2.2 
1.7 1.3 1.5 1.3 1.5 1.6 1.7 1.6 1.4 1.3 
1.9 1.8 1.9 1.9 1.8 1.7 2.2 2.4 1.9 2.1 
Table B.7. Plant diameters 
Block Till Traffic Track 
B1 SI F1 T1 
B1 SI F1 T2 
B1 SI F2 T1 
B1 SI F2 T2 
B1 SI F3 T1 
B1 SI F3 T2 
B1 S2 F1 T1 
B1 S2 F1 T2 
El S2 F2 T1 
B1 S2 F2 T2 
B1 S2 F3 T1 
B1 S2 F3 T2 
B2 SI F1 T1 
B2 SI F1 T2 
B2 SI F2 T1 
B2 SI F2 T2 
B2 SI F3 T1 
B2 SI F3 T2 
B2 S2 F1 T1 
B2 S2 F1 T2 
B2 S2 F2 T1 
B2 S2 F2 T2 
B2 S2 F3 T1 
B2 S2 F3 T2 
49 days after planting 
Plant diameters 
Plant No. 
1 2 3 4 5  6  7 8  9  1 0  
3.5 3.0 2.9 3.2 3.3 2.9 2.7 3.5 3.3 2.9 
2.7 2.4 2.9 2.1 1.9 2.7 2.7 2.9 2.9 2.9 
3.5 3.2 3.0 3.5 3.0 2.9 3.3 2.6 2.9 3.0 
2.9 3.3 2.9 3.2 3.0 2.9 2.9 3.0 3.2 2.2 
3.0 2.8 3.0 3.2 3.8 3.5 3.3 2.9 3.2 3.2 
3.0 2.7 3.0 3.3 2.9 2.4 3.3 2.7 2.2 2.9 
2.5 2.9 2.7 2.4 2.3 2.9 3.2 2.9 2.4 2.5 
3.3 2.9 3.0 2.7 2.9 3.0 2.9 3.2 2.7 2.5 
3.2 2.4 3.2 2.7 3.2 2.9 2.4 2.9 1.9 2.2 
3.0 2.4 2.9 2.4 3.0 2.7 3.0 3.2 2.9 3.0 
3.2 3.3 3.3 2.7 3.3 3.0 3.0 2.1 2.4 2.9 
3.5 3.5 2.7 3.8 3.0 3.0 3.3 3.0 3.2 3.2 
3.2 3.0 3.2 3.2 3.2 3.2 3.3 3.2 3.2 2.9 
3.8 2.9 3.3 3.2 3.1 3.1 3.1 3.2 3.0 2.9 
3.3 3.2 3.2 3.2 2.9 2.7 3.0 2.9 3.0 3.3 
2.9 3.2 2.9 2.9 3.2 2.9 3.2 3.2 3.2 3.3 
2.9 3.0 3.0 3.0 2.5 2.9 3.3 2.7 2.5 3.2 
2.9 3.2 2.5 3.2 2.9 3.1 3.2 3.0 2.5 2.9 
3.0 2.9 2.7 2.9 2.6 3.3 3.3 3.2 2.5 3.0 
3.2 2.9 2.7 3.0 3.0 2.5 2.5 2.6 2.5 2.9 
3.0 2.9 2.9 3.5 3.5 3.0 2.9 3.0 2.9 2.7 
3.2 3.0 2.2 2.9 2.7 3.2 3.5 3.3 2.9 2.4 
3.2 1.9 3.2 3.0 2.9 2.7 3.0 2.9 3.0 2.7 
3.2 3.2 3.0 3.2 1.9 3.0 3.2 3.3 2.7 3.0 
Table B.7 (Continued) 
Block Till Traffic Track 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
83 SI F2 T2 
83 SI F3 T1 
83 SI F3 T2 
83 S2 F1 T1 
83 S2 F1 T2 
B3 S2 F2 T1 
83 S2 F2 T2 
83 S2 F3 T1 
83 S2 F3 T2 
84 SI F1 T1 
84 SI F1 T2 
84 SI F2 T1 
84 SI F2 T2 
84 SI F3 T1 
84 SI F3 T2 
84 S2 F1 T1 
84 S2 F1 T2 
84 S2 F2 T1 
84 S2 F2 T2 
84 S2 F3 T1 
84 S2 F3 T2 
Plant diameters 
Plant No. 
2 3 4 5 6 7 8 9  1 0  
cm 
3.0 3.0 3.2 2.7 2.9 3.5 3.0 3.3 3,3 3.3 
3.0 2.9 2.4 2.9 3.0 3.3 3.0 2.9 3.0 3.0 
3.7 2.9 3.3 3.0 2.9 3.2 3.0 4.0 3.2 3.3 
3.0 3.2 2.9 3.5 3.3 2.9 3.2 2.9 3.0 2.9 
2.7 3.3 3.2 3.5 2.9 2.9 2.7 2.9 3.3 3.2 
3.0 2.7 3.2 3.0 3.2 3.3 2.9 3.0 3.2 3.3 
2.4 2.1 2.6 2.9 3.2 2.9 3.3 3.5 3.2 3.2 
2.2 2.5 1.9 2.7 2.5 2.7 2.6 3.0 3.0 2.7 
3.0 3.0 3.3 3.5 2.9 3.0 2.9 3.3 3.0 3.2 
3.5 2.7 2.4 3.0 2.9 3.7 3.2 2.4 3.2 3.3 
3.3 3.5 3.0 3.3 3.0 3.7 3.2 3.5 3.2 3.5 
2.5 3.5 2.9 3.0 3.5 3.0 3.2 2.9 3.2 3.0 
2.9 2.9 3.2 3.2 3.0 3.2 3.3 3.3 3.7 3.7 
2.7 2.7 2.4 3.0 3.3 3.3 3.0 3.2 3.2 3.2 
3.5 3.2 3.5 3.5 3.5 3.5 3.7 3.8 3.7 3.3 
3.2 3.3 2.9 3.5 3.3 3.2 2.7 2.9 3.0 3.3 
3.0 3.2 3.3 2.9 3.3 3.2 3.0 3.7 3.3 3.0 
3.3 3.3 3.0 3.0 2.7 3.0 2.7 3.0 2.5 3.3 
2.4 2.4 2.4 2.5 2.5 3.2 2.6 2.5 2.7 3.1 
3.0 2.6 2.9 2.9 3.2 3.2 3.2 3.0 2.9 3.3 
2.5 3.2 2.5 2.5 2.5 2.7 2.4 2.6 2.1 2.4 
3.0 3.3 3.2 3.3 2.7 3.3 3.3 3.2 2.7 .3.2 
2.9 2.5 2.9 2.1 2.7 3.0 3.2 2.5 2.4 2.1 
3.2 2.9 3.0 2.9 3.2 2.9 3.2 3.8 2.9 2.9 
Table B.8. Tasseling, silking, grain yield, and moisture data 
Block Till Traffic Track 
Plants tasseled Plants silked 
Days after planting 
60 61 63 65 67 64 66 69 
percent 
Grain Grain 
moisture yield 
at harvest 
B1 SI F1 T1 49 72 92 97 99 59 93 97 
B1 SI F1 T2 . 
B1 SI F2 ,T1 26 56 84 97 99 47 88 96 
B1 SI F2 T2 32 47 81 91 97 36 78 94 
B1 SI F3 T1 10 41 68 93 98 28 67 92 
B1 SI F3 T2 28 49 76 89 95 49 70 92 
B1 S2 F1 T1 4 17 45 79 93 8 42 92 
B1 S2 F1 .T2 52 42 97 98 99 78 94 96 
B1 S2 F2 T1 4 20 66 83 93 24 76 84 
B1 S2 F2 T2 9 27 64 90 98 30 70 92 
B1 S2 F3 T1 56 27 76 92 92 29 71 94 
B1 S2 F3 T2 13 31 64 77 91 32 68 89 
B2 SI F1 T1 53 67 91 98 98 66 90 98 
B2 SI F1 T2 28 60 90 98 99 39 84 99 
B2 SI F2 T1 23 60 59 93 99 58 88 98 
B2 SI F2 T2 41 70 92 99 95 71 91 99 
B2 SI F3 T1 20 52 79 96 96 37 80 93 
B2 SI F3 T2 54 76 91 99 99 78 89 98 
B2 S2 F1 T1 20 58 90 96 99 52 92 97 
B2 S2 F1 T2 3 18 50 81 97 25 55 87 
B2 S2 F2 T1 13 37 68 77 93 18 68 91 
B2 S2 F2 T2 3 17 51 89 95 6 55 95 
B2 S2 F3 T1 21 53 95 97 99 60 94 95 
B2 S2 F3 T2 2 19 71 86 95 27 66 93 
16.7 
16.3 
15.4 
17.6 
15.6 
17.9 
16 .0  
1 6 . 2  
17.9 
15.6 
17.3 
16.3 
15.6 
1 6 . 2  
16.4 
16.5 
17.6 
17.0 
17.8 
17.4 
17.1 
16.7 
18.4 
(t/ha) 
4.64 
4.56 
5.10 
4.40 
4.86 
3.68 
5.01 
3.78 
5.48 
4.29 
5.05 
5.85 
4.83 
5.91 
5.69 
5.02 
4.88 
5.69 
3.59 
4.31 
3.91 
5.28 
4.07 
Oi 
Table B.8 (Continued) 
Block Till Traffic Track 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 SI F2 T2 
B3 SI F3 T1 
B3 SI F3 T2 
B3 S2 F1 T1 
B3 S2 F1 T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 SI F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 S2 F3 T1 
B4 S2 F3 T2 
Plants tasseled plants silked grain grain 
moisture yield 
at harvest 
• Days after planting 
60 61 63 65 67 64 66 69 
(t/ha) 
41 74 96 96 85 82 89 97 17.1 7.14 
24 44 63 85 95 37 69 97 14.3 5.16 
42 75 85 90 90 79 85 87 17.3 • 
43 57 69 74 67 56 69 88 17.8 • 
24 49 77 87 94 56 80 76 15.3 5.91 
46 65 92 98 99 78 96 85 18.7 6.75 
37 66 84 96 96 35 76 91 17.0 5.86 
18.6 • 
20 62 92 96 99 86 92 94 16.8 4.70 
16 36 75 97 97 30 78 91 16.4 4.01 
51 88 93 97 98 81 91 95 16.5 « 
24 50 86 90 92 32 77 90 16.6 5.91 
54 82 96 97 99 82 96 97 17.1 7.11 
33 33 90 96 99 69 92 99 16.1 • 
71 82 95 93 99 87 96 95 17.1 5.10 
17.0 
45 89 94 98 99 77 95 97 17.5 7.85 
35 70 98 99 99 73 95 90 18.0 7.25 
18 46 88 96 99 57 91 99 17.8 7.15 
38 44 71 84 99 54 53 89 17.7 4.72 
33 60 81 96 96 69 77 94 17.2 3.60 
20.4 
27 47 73 87 97 54 73 96 17.6 6.24 
Table B.9. Analysis of variance of emergence percentages (Experiment 1, 1984) 
Days after planting 
Source 13 15 21 25 35 
DF MS F MS F MS F MS F MS F 
Tillage(S) 1 111.1 6.69** 40.7 2 .66 26.1 3.1* 29.8 3.67* 22.5 3.08* 
Traffic(F) 2 61.1 3.61** 10.4 <1 6.0 <1 6.3 <1 7.8 1.0 
Track(T) 1 33.9 2.04 17.3 1 .13 12.2 1.45 11.7 1.44 11.9 1.07 
SxF 2 219.4 13.22*** 109.6 7 .16*** 103.0 12.26*** 113.1 13.96*** 96.4 13.20*** 
SxT 1 3.6 <1 1.35 <1 0.1 <1 1.6 <1 1.3 <1 
FxT 2 7.0 <1 9.8 <1 1.7 <1 3.4 <1 13.1 1.79 
SxFxT 2 25.3 1.52 9.5 <1 11.3 1.35 6.1 <1 6.4 <1 
Error 33^  16.6 — —  15.3 8.4 — — 8.1 — — 7.3 — —  
Corrected 
Total 44^  
N^umber less than actual due to missing data values. 
*Significant at 0.10 probability level. 
**Significant at 0.05 probability level. 
***Significant at 0.01 probability level. 
Table B.IO. Analysis of variance of plant heights and diameters 
(Experiment 1, 1984) 
Days after planting 
33 42 53 
Source DF Heights 
MS F MS F MS 
Tillage(S) 1 196.0 59.39*** 714.0 32.02*** 3414.6 
Traffic(F) 2 8.5 2.58* 50.4 2.26 113.7 
Track(T) 1 4.0 1.45 17.3 <1 154.9 
SxF 2 2.9 <1 23.9 1.07 106.5 
SxT 1 6.3 1.90 • 64.4 2.89* 820.4 
FxT 2 3.7 1.12 15.8 <1 223,1 
SxFxT 2 0.3 <1 1.6 <1 9.1 
Error 36 3.3 22.3 183.2 
Corrected 
Total 47 
S^ignificant at 0.10 probability level. 
**Significant at 0.05 probability level. 
***Significant at 0.01 probability level. 
120 
75 
Days after planting 
34 49 
Diameters 
F MS F MS F MS F 
18.64*** 537.8 4.83** 1.78 29.70*** 0.32 10.33*** 
<1 76.2 <1 0.06 1.00 0.05 1.67 
<1 12.1 <1 0.04 <1 0.01 <1 
<1 132.7 1.19 0.03 <1 0.06 2.00 
4.48** 493.2 4.43** 0.09 1.5 0.24 8.00*** 
1.22 71.6 <1 0.03 <1 0.02 <1 
<1 60.4 <1 0.004 <1 0.001 <1 
mm mm 111.3 — — 0.06 —•— 0.03 — — 
Table ,B.11. Analysis of variance of tasseling percentages (Experiment 
1, 1984) 
Days after planting 
DF 60 61 , 63 
Source 
MS F MS F MS F 
Tlllage(S) 1 2110.1 10.49*** 4176.1 14.06*** 754.3 3.93* 
Traffic(F) 2 116.9 <1 65.5 <1 147.6 <1 
Track(T) 1 105.6 <1 1291.7 4.35 240.2 1.25 
SxF 2 453.2 2.25 101.9 <1 74.6 <1 
SxT 1 8.9 <1 7.41 <1 158.2 <1 
FxT 2 37.8 <1 107.6 <1 . 33.8 <1 
SxFxT 2 1258.6 6.26*** 446.7 1.5 236.2 1.23 
Error 31® 201.1 — 197.0 — 191.8 
Corrected 
Total 42* 
N^umber less than actual due to missing data values. 
*Slgnlficant at 0.10 probability level. 
**Slgnlfleant at 0.05 probability level. 
***Signifleant at 0.01 probability level. 
122 
Days after planting 
65 67 
MS F MS F 
154.8 3.56* 6.7 <1 
27.3 <1 50.1 1.61 
46.5 1.07 13.9 <1 
12.7 <1 43.6 1.40 
0.6 <1 12.4 <1 
32.5 <1 43.2 1.39 
143.1 3.29* 70.9 2.28 
43.5 31.1 
Table B.12. Analysis of variance of silking percentages and plant dry 
matter weights (Experiment 1, 1984) 
Silking percentages 
Days after planting 
Source 
DF 64 66 69 
MS F MS F MS F 
Tillage(S) 1 3062.0 6.68** 1185.4 7.11** 21.6 <1 
Traffic(f) 2 48.9 <1 17.5 <1 47.6 2.17 
Track(T) 1 310.1 <1 575.0 3.45* 0.2 <1 
SxF 2 98.7 <1 86.1 <1 57.3 2.61* 
SxT 1 1.5 <1 85.0 <1 13.3 <1 
FxT 2 108.0 <1 38.9 <1 8.7 <1 
SxFxT 2 1385.3 3.02* 163.7 <1 24.2 1.11 
Error 31^  458.5 166.7 21.9 
Corrected 
Total 42* 
N^umber less than actual due to missing data values. 
S^ignificant at 0.10 probability level. 
**Significant at 0.05 probability level. 
***Significant at 0.01 probability level. 
124 
Dry weight matter 
Days after planting 
49 63 
MS F MS F 
6097.3 18.97*** 11260.8 6.09** 
220.2 <1 562.2 <1 
69.5 <1 1269.0 <1 
8.6 <1 1638.3 <1 
430.2 1.34 1571.4 <1 
102.2 <1 166.7 <1 
12.7 <1 493.2 <1 
321.4 — —  1847.7 
125 
Table B.13. Analysis of variance of grain yield and grain moisture 
(Experiment 1, 1984) 
Grain yield Grain moisture 
Source 
DF MS F DF MS F 
Tillage(S) 1 408.5 5.26** 1 5.0 5.55** 
Traffic(F) 2 106.0 1.37 2 1.0 <1 
Track(T) 1 38.4 <1 2 0.1 <1 
SxF 2 11.1 <1 2 1.5 1.36 
SxT 1 0.8 <1 1 0.7 <1 
FxT 2 139.5 1.80 2 1.3 1.18 
SxFxT 2 5.1 <1 2 1.1 1.00 
Error 32^  77.6 34^  1.1 — 
Corrected 
Total 43* 45* 
N^umber less than actual due to missing data values. 
**Significant at 0.05 probability level. 
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APPENDIX C. DATA AND ANALYSES, : EXPERIMENT 1, 1985 
Table C.l. Plant growth parameters, grain yield, and moisture 
Block Till Traffic Track 
El SI F1 T1 
B1 SI • F1 T2 
B1 SI F2 T1 
B1 SI F2 T2 
B1 SI F3 T1 
B1 SI F3 T2 
B1 S2 F1 T1 
B1 S2 F1 T2 
B1 S2 F2 T1 
B1 S2 F2 T2 
B1 S2 F3 T1 
B1 S2 F3 T2 
B2 SI F1 T1 
B2 SI F1 T2 
B2 SI F2 T1 
B2 SI F2 T2 
B2 SI F3 T1 
B2 SI F3 T2 
B2 S2 F1 T1 
B2 S2 F1 T2 
B2 S2 F2 T1 
B2 S2 F2 T2 
B2 S2 F3 T1 
B2 S2 F3 T2 
Plants Plant Plants grain grain 
Emerged dry matter tasseled moisture yield 
weight at harvest 
— — — Days after planting — — — — — — — — —  
9 11 13 21 48 58 68 76 
- - (percent)-- (g/plant) -- (percent) (t/ha) 
0 63 66 91 99 40.9 23 73 30.6 8.30 
19 28 36 78 78 21.1 2 42 38.6 6.20 
82 82 88 99 99 43.0 21 80 34.5 5.22 
36 36 39 91 90 37.3 12 57 36.5 6.49 
73 75 79 99 100 33.2 6 79 33.0 4.44 
49 52 52 82 84 51.3 14 66 35.0 7.42 
60 63 70 93 93 29.0 27 81 29.4 6.88 
7 9 13 82 82 34.0 6 33 37.9 7.42 
81 81 88 93 99 42.8 8 79 35.0 5.06 
. 51 93 97 36.2 12 69 » 
39 43 52 85 85 38.2 5 56 33.9 5.86 
. 43 67 79 34.8 • 0 43 
30 39 49 93 93 32.5 21 53 35.5 5.37 
33 40 43 87 87 27.9 4 50 37.3 3.32 
39 40 45 84 94 53.4 11 60 32.3 6.69 
42 55 61 61 61 40.4 7 59 8.25 
67 72 73 79 91 34.8 10 80 34.9 4.98 
42 42 45 58 97 33.0 14 69 8.25 
46 48 46 88 90 17.6 13 50 33.7 6.88 
24 24 30 67 73 8.1 , 0 18 2.4 • 3.61 
. . 85 87 28.4 10 57 • 
. 37 81 90 23.2 7 32 • 
. . 91 93 39.8 32 84 • 
. . 93 96 30.7 13 72 
Table C.l (Continued) 
Block Till Traffic Track 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 SI F2 T2 
B3 SI F3 T1 
B3 SI F3 T2 
B3 S2 F1 T1 
B3 S2 F1 T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 81 F2 T1 
B4 SI F2 . T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 S2 F3 T1 
B4 S2 F3 T2 
Plants Plant Plants grain grain 
emerged dry matter tasseled moisture yield 
weight at harvest 
Days after planting 
9 11 13 21 48 58 68 76 
(percent) (g/plant) (percent) (t/ha) 
0 12 15 75 75 17.1 . 0 12 41.0 3.32 
13 13 22 79 82 15.1 2 24 38.8 6.35 
3 3 9 52 55 33.4 5 38 35.7 7.08 
15 15 15 78 81 22.5 8 28 36.1 5.42 
30 43 58 88 88 38.1 15 56 38.3 4.05 
18 28 48 82 84 28.6 20 50 35.8 4.83 
36 39 46 81 81 17.3 6 46 37.9 4.93 
12 24 37 58 63 9.7 0 17 1.0 4.54 
0 4 7 69 93 20.3 3 23 41.5 4.15 
7 39 42 94 87 32.7 5 40 38.0 5.27 
21 34 52 90 90 21.6 23 40 41.3 6.00 
33 36 37 72 72 25.6 2 12 43.5 4.64 
6 6 6 48 48 11.1 6 9 37.2 
34 39 46 87 88 47.8 9 42 36.8 5.96 
25 31 33 70 73 27.0 2 20 38.1 5.27 
4 6 6 58 91 19.2 0 7 42.7 3.61 
12 15 18 73 75 21.6 16 48 34.3 3.37 
28 34 40 72 78 23.1 2 50 37.0 6.00 
7 7 7 63 67 27.0 9 44 40.2 2.88 
15 49 61 78 82 32.4 9 51 35.6 5.61 
15 18 12 78 78 11.4 0 21 37.6 5.03 
. 46 82 82 28.1 4 22 
42 48 54 93 93 27.5 5 45 32.2 5.00 
. 36 67 88 33.3 2 24 
Table C.2. Plant heights 53 days after planting 
Block Till Traffic Track 
El SI F1 T1 
B1 SI F1 T2 
El SI F2 T1 
El SI F2 T2 
El SI F3 T1 
El SI F3 T2 
El S2 F1 T1 
El S2 F1 T2 
El S2 F2 T1 
El S2 F2 T2 
B1 S2 F3 T1 
B1 S2 F3 T2 
E2 SI F1 T1 
E2 SI F1 T2 
B2 SI F2 T1 
B2 SI F2 T2 
B2 SI F3 T1 
B2 SI F3 T2 
E2 S2 F1 T1 
B2 S2 F1 T2 
E2 S2 F2 T1 
B2 S2 F2 T2 
B2 S2 F3 T1 
B2 S2 F3 T2 
Plant heights 
1 2 3 4 
rxanc 
5 
INO. 
6 7 8 9 10 
-- cm — — — — -' — — — — ' • w w » » • B M « c 
40 38 55 43 50 41 33 44 38 29 
46 42 43 34 51 37 38 39 37 29 
49 51 37 51 49 39 55 59 33 55 
47 36 44 37 42 56 50 28 25 47 
30 39 42 33 57 50 61 42 54 33 
28 39 37 43 46 45 50 46 52 55 
36 39 33 30 48 46 56 53 52 44 
32 30 32 30 27 58 34 44 39 32 
36 20 41 45 37 48 48 63 48 48 
56 57 46 57 49 38 39 36 51 28 
45 27 40 25 47 29 39 34 35 50 
55 43 43 56 40 30 29 56 46 37 
36 34 24 30 29 34 46 41 50 43 
52 32 37 30 39 37 44 28 41 44 
30 25 44 38 42 36 48 30 42 49 
43 48 47 43 41 47 34 44 24 27 
53 48 46 30 48 38 43 55 29 44 
37 41 75 58 58 52 38 75 57 48 
37 51 38 37, 32 43 36 43 36 29 
27 33 17 11 .9 18 18 11 14 32 
37 57 38 36 43 30 33 34 39 25 
47 20 36 28 23 75 33 38 25 28 
42 44 39 53 30 28 28 34 29 38 
28 23 32 75 37 37 36 59 69 65 
Table C.2 (Continued) 
Slock Till Traffic Track 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 SI F2 T2 
B3 SI F3 T1 
B3 SI F3 T2 
B3 82 F1 T1 
B3 S2 F1 T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 SI F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 S2 F3 T1 
B4 S2 F3 T2 
plant heights 
1 2 3 4 
Plant 
5 
No. 
6 7 8 9 10 
— cm -
50 27 37 32 39 38 28 27 29 18 
30 32 33 48 33 37 18 27 36 17 
50 56 27 39 52 37 36 23 25 29 
30 20 42 41 51 30 28 27 27 19 
41 48 53 53 41 71 44 44 39 41 
42 48 56 36 36 23 32 38 63 31 
27 52 28 29 42 48 34 33 37 25 
38 25 20 16 24 19 37 23 26 19 
43 33 48 39 18 48 36 23 11 24 
37 23 27 39 37 25 47 52 55 47 
48 56 41 55 37 41 24 34 32 27 
29 17 41 35 29 20 20 28 33 22 
48 32 24 21 37 39 52 19 22 22 
41 42 42 48 20 34 20 33 30 58 
35 36 34 46 29 20 17 19 15 20 
31 23 28 27 34 28 23 30 41 32 
42 23 46 38 33 29 25 32 27 34 
18 15 16 15 24 31 38 29 30 23 
23 33 32 23 27 44 44 29 32 39 
42 27 44 34 23 28 19 38 20 32 
37 15 27 27 25 30 28 27 25 19 
33 30 15 24 20 26 33 22 28 13 
22 28 39 39 38 25 27 17 23 30 
Table C.3. Soil penetration resistance, 30 days after planting 
Lock Till Track Grid 0-5 5-10 10-15 
B1 SI T1 11 1113 1871 1855 
B1 SI T1 F1 789 1523 1523 
B1 SI T1 F2 339 979 1160 
B1 SI T1 F3 95 687 1097 
B1 SI T2 11 150 229 1397 
B1 SI T2 F1 103 316 1626 
B1 SI T2 F2 158 702 1571 
B1 SI T2 F3 324 742 916 
B1 S2 T1 11 87 87 142 
B1 S2 T1 F1 47 513 1586 
B1 S2 T1 F2 221 474 766 
B1 S2 T1 F3 126 639 884 
B1 S2 T2 11 150 182 750 
B1 S2 T2 F1 110 300 1342 
B1 S2 T2 F2 126 260 537 
B1 S2 T2 F3 158 758 1792 
B2 SI T1 11 426 2092 1657 
B2 SI T1 F1 174 529 1160 
B2 SI T1 F2 126 1066 1744 
B2 SI T1 F3 489 505 726 
B2 SI T2 11 110 1208 1973 
B2 SI T2 F1 189 1460 1610 
B2 SI T2 F2 268 1358 1429 
B2 SI T2 F3 900 1571 1484 
Depth(cm) 
20-25 25-30 30-35 35-40 40-45 45-50 50-55 
1665 1571 1610 1768 1792 1531 1626 
1744 1602 1602 1618 1586 1413 1492 
1358 1365 1602 1365 1176 1484 1579 
1626 1373 1689 1365 1634 1586 1626 
1492 1215 1073 1365 1626 1957 2044 
1871 1602 1610 1705 1886 2186 2644 
2028 1571 1365 1318 1310 1318 1373 
1287 1318 1113 955 1263 1389 1413 
1405 1287 1452 1452 1452 1421 1373 
2218 1373 1058 1192 1192 1279 1208 
1350 1602 1373 1429 1555 1507 1539 
916 1287 1302 1334 1200 1129 1160 
2344 3047 2755 2115 1784 1705 1515 
2849 3197 3039 3039 2226 1807 1705 
1523 1531 1523 1492 1168 1318 1421 
1713 1610 1113 1484 1436 1302 1413 
1444 1208 1152 1042 1018 1010 955 
1673 1523 1231 1208 1231 1168 1168 
1784 1476 1500 1642 1507 1650 1657 
1555 1602 1310 1381 1429 1310 1500 
1279 1555 1705 1681 1563 1618 1697 
1650 1586 1263 1555 1894 1665 1523 
1176 1137 1192 1137 1413 1350 1531 
1271 1389 1263 1492 1460 1476 1476 
15-20 
1650 
1555 
1310 
1942 
1476 
1744 
1902 
1231 
1523 
2186 
1373 
1168 
1287 
2541 
1752 
1807 
1744 
1579 
1847 
1492 
1602 
1855 
1310 
979 
Depth(cm) 
Lock Till Track Grid 0-5 5-10 10-15 15-2( 
B2 S2 T1 11 205 1894 2186 2115 
B2 S2 T1 F1 47 150 947 1523 
B2 S2 T1 F2 126 189 316 845 
B2 S2 T1 F3 158 363 442 284 
B2 S2 T2 11 213 1531 1792 1507 
B2 S2 T2 F1 32 95 245 474 
B2 S2 T2 F2 103 331 403 1310 
B2 S2 T2 F3 79 268 497 1168 
B3 SI T1 11 426 2005 1997 1934 
B3 SI T1 F1 55 860 1673 1776 
B3 SI T1 F2 300 1263 1452 1665 
B3 SI T1 F3 55 395 805 1318 
B3 SI T2 11 87 245 860 1776 
B3 SI T2 F1 150 876 1468 1792 
B3 SI T2 F2 158 1208 1563 1523 
B3 SI T2 F3 63 253 1421 1650 
B3 S2 T1 11 16 87 1247 1650 
B3 82 T1 F1 39 118 268 1350 
B3 S2 T1 F2 39 576 1310 1626 
B3 82 T1 F3 63 655 900 1271 
B3 S2 T2 11 110 245 418 1263 
B3 S2 T2 F1 39 39 339 410 
B3 82 T2 F2 1 J3 174 229 410 
B3 82 T2 F3 24 284 584 576 
25-30 30-35 35-40 40-45 45-50 50-5! 
1965 1389 1500 1460 1444 1673 
1594 1429 1571 1444 1539 1618 
1381 1421 1405 1539 1468 1452 
1657 1500 1484 1507 1444 144*4 
2470 1594 1484 1318 1263 931 
1547 • 1531 1539 1429 1531 1500 
1405 1247 1271 1539 1618 1689 
1405 1571 1721 1744 1768 1752 
1894 2068 1768 1792 1642 1571 
1650 1531 1618 1681 1555 1594 
1476 1287 1081 1081 979 979 
1200 1192 1176 1073 1002 994 
1507 1152 1042 1121 1160 1500 
1618 1350 1058 931 1081 1042 
1413 1294 1168 1097 1066 852 
1429 1310 1168 1215 1208 1058 
1579 1563 1302 1231 1137 1066 
1144 1113 947 1010 1073 1050 
1287 1476 1610 1460 1650 1721 
1365 1137 1184 1255 1492 1594 
1026 1294 1586 1460 1144 1310 
1334 1318 1121 1184 1294 1231 
971 963 773 987 963 1239 
868 900 923 955 805 797 
20-25 
2092 
1626 
1634 
1168 
1681 
1350 
1168 
1476 
1618 
1681 
1807 
1255 
1610 
1839 
1444 
1839 
1421 
1263 
1413 
1358 
1176 
474 
1050 
797 
Table C.3 (Continued) 
Depth(cm) 
Block Till Track Grid 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 
- kPa 
B4 SI T1 11 813 2747 2170 2084 1689 1657 1555 1618 1792 2328 1863 
B4 SI T1 F1 150 868 1563 2084 2131 1673 1523 1642 1728 1815 1800 
B4 SI T1 F2 95 892 1523 1665 1650 1389- 1113 1002 908 916 852 
B4 SI T1 F3 63 552 923 1381 1334 1563 1436 1215 1184 1081 1002 
B4 SI T2 11 103 182 1002 1555 1436 1405 1176 1168 1121 1255 1231 
B4 SI T2 F1 32 371 805 1381 1539 1255 1294 1058 1018 1200 1137 
B4 SI T2 F2 150 276 1279 1602 1665 1200 1271 1444 1476 1531 1839 
B4 SI T2 F3 47 481 963 1768 1721 1626 1973 2028 1594 1839 1871 
B4 S2 T1 11 166 166 142 1721 1934 1634 1681 1547 1523 1594 1831 
B4 S2 T1 F1 134 837 1373 2360 2439 2305 1626 1934 1815 1728 1807 
B4 S2 T1 F2 39 268 1302 1350 1231 1334 1476 1563 1728 1807 1863 
B4 S2 T1 F3 79 276 845 845 663 1523 1397 1334 1137 1436 1531 
B4 S2 T2 11 331 300 789 1571 1571 1429 1097 1113 1034 1058 1018 
B4 S2 T2 F1 32 39 158 324 260 663 1555 1271 1247 1247 1223 
B4 S2 T2 F2 8 16 158 189 1010 1942 1602 1365 1413 1350 1089 
B4 S2 T2 F3 - 32 292 1144 1389 •1263 1231 1444 1429 1215 1152 1066 
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Table C.4. Gravimetric soil moisture contents , 30 days after planting 
Depth(Cm) 
,ock Till Track Grid 0
 
1 I—»
 
o
 
10-20 20-30 30-40 
— 
Q
 1 1 1 1 1 1 t 1 t - - - - - -
B1 SI T1 11 13.2 15.2 11 .1 15.9 
B1 SI T1 F1 10.5 12.8 14 .6 14.9 
B1 SI T1 F2 15.1 20.0 19 .4 23.3 
El SI T1 F3 15.0 16.9 21 .2 22.8 
El SI T2 11 15.1 20.0 24 .0 21.4 
B1 SI T2 F1 16.7 20.0 20 .0 19.5 
B1 SI T2 F2 15.4 18.9 21 .0 19.4 
El SI T2 F3 15.3 19.8 22 .6 18.5 
El S2 T1 11 5.3 14.0 17 .9 20.0 
El S2 T1 F1 12.7 16.5 20 .0 16.9 
El S2 T1 F2 7.5 13.2 13 .2 20.0 
El S2 T1 F3 16.1 18.7 19.4 19.3 
El S2 T2 11 10.0 14.0 19 .4 18.2 
El S2 T2 F1 7.4 18.8 20 .5 21.7 
El S2 T2 F2 9.7 16.0 14 .5 18.3 
El S2 T2 F3 10.0 18.2 16 .4 16.4 
B2 SI T1 11 21.0 24.3 33 .6 22.8 
E2 SI T1 F1 19.7 23.7 23 .5 22,9 
E2 SI T1 F2 12.0 14.2 21 .0 24.3 
E2 SI T1 F3 8.5 19.1 16 .9 23.5 
B2 SI T2 11 11.9 18.8 24 .6 22.0 
B2 SI T2 F1 7.0 19.0 19 .4 19.0 
E2 SI T2 F2 12.3 16.5 15 .8 21.3 
E2 SI T2 F3 15.3 19.0 20 .0 21.0 
B2 S2 T1 11 13.8 16.7 17. 0 18.4 
B2 S2 T1 F1 13.8 16.4 17. 6 16.3 
B2 S2 T1 F2 16.7 20.2 21. 9 18.1 
B2 S2 T1 F3 14.8 17.0 20. 0 21.5 
E2 S2 T2 11 19.9 20.0 17. 6 21.7 
B2 S2 T2 F1 8.3 18.2 19. 3 18.9 
B2 S2 T2 F2 11.9 16.7 18. 5 - 20.5 
B2 S2 T2 F3 • 13.0 15.8 13. 3 18.6 
B3 SI T1 11 17.0 19.5 20. 5 22.0 
B3 SI T1 F1 16.3 19.5 15. 1 19.4 
E3 SI T1 F2 16.7 26.1 22.6 25.3 
B3 SI T1 F3 21.1 22.6 22. 2 22.3 
E3 SI T2 11 18,5 17.6 20. 3 20.8 
B3 SI T2 F1 13.7 17.9 19. 7 21.7 
33 SI T2 F2 15.6 17.5 16. 9 20.3 
E3 SI T2 F3 19.3 24.7 22. 2 24.2 
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Table C.4 (Continued) 
Block Till Track Grid 
B3 S2 T1 11 
B3 S2 T1 F1 
B3 S2 T1 F2 
B3 S2 T1 F3 
B3 S2 T2 11 
B3 S2 T2 F1 
B3 S2 T2 F2 
B3 S2 T2 F3 
B4 SI T1 11 
B4 SI T1 F1 
B4 SI TI F2 
B4 SI T1 F3 
B4 SI T2 11 
B4 SI T2 F1 
B4 SI T2 F2 
B4 51 T2 F3 
B4 S2 Tl 11 
B4 S2 Tl F1 
B4 S2 Tl F2 
B4 S2 Tl F3 
B4 S2 T2 11 
B4 S2 T2 F1 
B4 S2 T2 F2 
B4 S2 T2 F3 
Depth(Cm) 
0-10 10-20 20-30 30-40 
1 1 1 1 1 I 1 1 1 3 ---—--------------
17.8 23.8 22.6 23.1 
19.3 18.9 22.4 24.3 
12.7 16.4 17.9 17.7 
11.1 14.9 18.0 21.3 
6.4 20.7 15.7 19.0 
5.0 16.7 16.7 20.3 
14.8 22.0 21.4 20.0 
15.9 20.1 24.5 20.3 
16.3 16.0 16.7 18.1 
13.3 14.5 19.5 20.7 
16.3 18.1 18.4 21.1 
13.7 17.9 19.2 19.2 
17.2 23.7 20.4 23.1 
19.8 20.0 23.5 20.0 
14.8 18.3 21.8 22.3 
12.2 20.9 20.7 21.4 
12.3 16.7 15.4 20.0 
11.3 18.3 •17.6 21.9 
16.7 21.7 22.1 20.0 
11.6 21.2 22.2 24.5 
17.6 22.1 22.1 16.6 
17.1 21.6 22.2 21.0 
19.6 25.0 23.1 25.0 
17.6 20.8 23.8 24.7 
Table C.5. Analysis of variance of emergence percentages (Experiment I, 1985) 
Days after planting 
9 11 13 21 48 
Source DF 
MS F MS F MS F MS F MS 
Tillage(S) 1 65.9 <1 0.3 <1 0.5 <1 125.5 <1 47.5 <1 
Traffic(F) 2 658.3 1.33 313.8 <1 571.5 1.07 31.4 <1 204.3 1.39 
(Track(T) 1 680.3 1.37 292.4 <1 357.4 <1 254.1 1.58 41.8 <1 
SxF 2 342.5 <1 68.4 <1 100.3 <1 180.6 1.13 127.3 <1 
SxT 1 341.6 <1 15.7 <1 22.0 <1 26.7 <1 89.8 <1 
FxT 2 172.4 <1 17.1 <1 120.2 <1 223.5 1.39 25.2 <1 
SxFxT 2 444.7 <1 161.6 <1 261.6 <1 171.0 1.07 41.3 <1 
Error 33 496.7 561.1 535.4 160.4 — —  146.8 
Corrected 
Total 43 
Table C.6, Analysis of variance of plant heights and plant dry matter weights 58 days after 
planting (Experiment 1, 1985) 
Plant heights Dry matter weights 
Source DF : DF 
MS F MS F 
Tillage(S) 1 149.7 - 3.81* 1 2240.3 1.96 
Traffic(F) 2 101.8 1.94 2 2972.4 2.60* 
Track(T) 1 33.6 <1 1 24.8 <1 
SxF 2 21.7 <1 2 268 .'3 <1 
SxT 1 4.0 . <1 1 148.5 <1 
FxT 2 36.04 <1 2 127.7 <1 
SxFxT 2 35.1 <1 2 988.9 <1 
Error 35* 52.4 36 1143.8 <1 
Corrected 
Total 46* 47 
N^umber less than actual due to missing data values. 
*Significgnt at 0.10 probability level. 
Table C.7. Analysis of variance of tasseling percentages (Experiment 1, 1985) 
Days after planting 
Source DF 68 76 
MS F MS F 
Tillage(S) 1 17.2 <1 186.4 <1 
Traffic(F) 2 64.7 1.15 922.1 1.98 
Track(T) 1 339.7 6.05** 1408.3 3.02* 
SxF 2 8.8 <1 413.0 <1 
SxT 1 31.5 <1 340.3 <1 
FxT 2 75.1 1.34 21.2 <1 
SxFxT 2 81.6 1.45 332.8 <1 
Error 36 56.1 465.7 
Corrected Total 47 
*Significant at 0.10 probability level. 
**Significant at 0.05 probability level. 
Table C.8. Analysis of variance of grain yield and grain moisture (Experiment 1, 1985) 
Source DF 
Grain yield 
DF 
Grain moisture 
MS F MS F 
Tillage(S) 1 1.9 <1 • 1 26.3 2.39 
Traffic(F) 2 0.1 <1 2 0.6 <1 
Track(T) 1 0.5 <1 1 63.2 5.74** 
SxF 2 0.5 <1 2 10.2 <1 
SxT 1 1.5 <1 1 6.7 <1 
FxT 2 0.5 <1 . 2 3.6 <1 
SxFxT 2 2.8 1.22 2 13.6 1.2 
Error 27* 2.3 26* 11.0 — 
Corrected 
Total 38 a 37* 
N^umber less than actual due to missing data values. 
**Signifleant at 0.05 probability level. 
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Table C.9. Analysis of variance of soil penetration resistances and 
gravimetric moisture contents (Experiment 1, 1985) 
Source DF 
Penetration resistance 
TiV — 
Moisture content 
MS F MS F 
Tillage(S) 1 4023282 2.88 1 93.0 1.71 
Track(T) 1 1336913 <1 1 5.0 <1 
SxT 1 10049 <1 1 0.2 <1 
Error(1) 12 1394797 12 54.3 — — 
Subtotal (1) 1 15 15 . 
Grid(G) 3 1705513 3.41** 3 11.4 <1 
GxS 3 4202 <1 3 6.4 <1 
GxT 3 563994 1.13 3 2.1 • <1 
Error(2) 39 500762 39 22.3 
Subtotal(2) 63 63 
Depth(D) 10 11632753 125.30*** •3 537.2 101.35*** 
DxS 10 952059 10.25*** 3 6.4 1.21 
DxT 10 159575 1.72 3 7.9 1.49 
DxG 30 82043 <1 9 1.8 <1 
Error(3) 580 92840 — —  174 5.3 — 
Corrected 
Total 703 255 
**Significant at 0.05 probability level. 
***Significant at 0.01 probability level. 
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APPENDIX D. . DATA AND ANALYSES, EXPERIMENT 1, 1986 
Table D.l. Percentage emergence and dry ^ matter weight 
Plants emerged Plant 
Dry matter weight 
Days after planting 
Block Till Traffic 7 8 10 35 43 
(%) g/plant 
B1 SI F1 73 85 90 91 56 
B1 SI F2 81 81 93 93 58 
B1 SI F3 72 84 84 85 52 
B1 S2 Pi 82 84 87 87 38 
B1 S2 F2 63 70 76 79 34 
B1 S2 F3 69 73 75 78 42 
B2 SI F1 87 93 94 94 35 
B2 SI F2 79 87 91 91 52 
B2 SI F3 85 93 96 96 55 
B2 S2 F1 76 82 84 85 26 
B2 S2 F2 87 88 88 88 34 
B2 S2 F3 82 87 88 88 45 . 
B3 SI F1 82 90 97 97 62 
B3 SI F2 96 96 100 100 39 
B3 SI F3 75 82 94 100 54 
B3 S2 FX 63 73 • 76 78 40 
B3 S2 F2 78 85 88 90 43 
B3 S2 F3 79 88 88 88 • 48 
B4 SI F1 93 97 100 100 54 
B4 SI F2 82 90 91 91 62 
B4 SI F3 87 93 99 99 61 
B4 S2 F1 67 75 75 78 49 
B4 S2 F2 60 61 61 66 29 
B4 S2 F3 58 75 76 76 
Table D.2. Plant heights 43 days after planting 
Block Till Traffic 1 
El SI F1 69 
B1 SI F2 86 
B1 SI F3 84 
B1 S2 F1 56 
B1 S2 F2 74 
B1 S2 F3 63 
B2 51 F1 109 
B2 SI F2 94 
B2 SI F3 91 
B2 S2 F1 63 
B2 S2 F2 66 
B2 S2 F3 69 
B3 SI F1 94 
B3 SI F2 • 86 
B3 SI F3 84 
B3 S2 F1 . 58 
B3 S2 F2 69 
B3 82 F3 53 
B4 SI F1 91 
B4 81 F2 99 
B4 SI F3 97 
B4 82 F1 58 
B4 82 F2 51 
B4 82 F3 33 
Plant heights 
Plant No. 
3 4 5' 6 7 8 9 10 
89 79 94 97 102 97 86 81 
94 89 84 94 81 84 89 91 
81 74 63 89 74 76 89 76 
63 74 63 94 89 74 86 89 
46 71 79 86 66 81 86 76 
69 81 71 79 81 79 48 51 
99 102 89 114 79 104 104 91 
84 74 76 66 71 69 84 61 
91 84 76 89 79 84 89 94 
66 58 63 61 71 48 56 58 
79 53 76 81 74 66 56 58 
79 74 63 71 66 74 56 66 
94 91 86 86 86 94 86 84 
71 69 74 61 86 76 91 84 
99 74 84 79 89 84 79 94 
56 48 69 69 61 71 61 74 
76 71 63 66 69 53 51 71 
69 69 84 81 91 94 104 99 
71 102 94 94 91 76 97 74 
109 107 104 102 109 114 119 86 
114 107 124 117 119 112 107 117 
63 66 58 66 76 81 74 61 
41 51 48 30 58 25 46 56 
41 46 53 48 48 33 41 38 
2 
91 
79 
91 
61 
51 
81 
86 
74 
89 
56 
58 
74 
89 
86 
86 
56 
79 
69 
91 
107 
117 
81 
56 
30 
Table D.3. Soil penetration resistance, 60 
Block Till Traffic Track Grid Repeat 0-5 
El SI 11 T1 G1 R1 1310 
B1 SI 11 T1 G1 R2 1460 
El SI 11 T1 G2 R1 1302 
B1 SI 11 T1 G2 R2 1523 
B1 SI 11 T2 G1 R1 616 
B1 SI 11 T2 G1 R2 63 
El SI 11 T2 G2 R1 387 
B1 SI 11 T2 G2 R2 576 
El SI 12 T1 G1 R1 1334 
El SI 12 T1 G1 R2 1144 
B1 SI 12 T1 G2 R1 702 
B1 SI 12 T1 G2 R2 742 
El SI 12 T2 G1 R1 576 
El SI 12 T2 G1 R2 568 
B1 SI 12 T2 G2 R1 1429 
B1 SI 12 T2 G2 R2 923 
El S2 12 T1 G1 R1 600 
B1 S2 12 T1 G1 R2 418 
B1 S2 12 T1 G2 R1 773 
El S2 12 T1 G2 R2 474 
El S2 12 T2 G1 R1 379 
B1 S2 12 T2 G1 R2 284 
B1 S2 12 T2 G2 R1 1239 
El S2 12 T2 G2 R2 726 
after planting 
Depth(cm) 
5-10 10-15 15-20 20-25 25-31 
------- kPa — — — ^ 
1989 2013 1863 1713 1689 
1515 1673 1792 1586 1563 
1657 1713 1594 1728 1689 
1176 1460 1673 1294 1586 
158 300 695 679 576 
245 845 821 813 758 
1144 1397 1239 1429 1105 
939 1373 1421 1405 1042 
1381 1310 1200 1215 1421 
1294 1429 1113 1081 852 
884 1302 1144 1168 1223 
979 1334 1176 1034 1050 
1113 1215 1026 916 955 
631 1192 1073 1010 884 
1073 1113 1223 1058 1066 
931 1310 1137 1073 1050 
363 1121 1081 1058 1050 
458 1200 1121 1010 1089 
1350 2202 1507 1492 1334 
876 1792 2076 1618 1436 
505 1287 1539 1042 1018 
245 868 1113 1002 900 
1271 1507 1618 ,1452 1121 
1215 1279 1010 1050 900 
Table D.3 (Continued) 
Block Till Traffic Track Grid Repeat 0-5 
B1 S2 12 T1 G1 R1 497 
B1 S2 12 T1 61 R2 71 
B1 S2 12 T1 02 R1 710 
B1 S2 12 T1 G2 R2 1066 
B1 S2 12 T2 G1 R1 268 
B1 S2 12 T2 G1 R2 268 
B1 S2 12 T2 G2 R1 568 
B1 S2 12 T2 G2 R2 442 
B2 SI 11 T1 G1 R1 1539 
B2 SI 11 T1 G1 R2 1302 
B2 SI 11 T1 G2 R1 1728 
B2 SI 11 T1 G2 R2 1121 
B2 SI 11 T2 G1 R1 395 
B2 SI 11 T2 G1 R2 150 
B2 SI 11 T2 G2 R1 979 
B2 SI 11 T2 G2 R2 600 
B2 SI 12 T1 G1 R1 1350 
B2 SI 12 T1 G1 R2 805 
B2 SI 12 T1 G2 R1 576 
B2 SI 12 T1 G2 R2 671 
B2 SI 12 T2 G1 R1 947 
B2 SI 12 T2 G1 R2 963 
B2 SI 12 T2 G2 R1 939 
B2 SI 12 T2 G2 R2 663 
Depth(cm) 
5-10 10-15 
1500 2084 
1405 1263 
797 505 
1002 916 
387 1263 
355 1160 
1137 1650 
742 955 
1531 1397 
1144 1318 
1507 1681 
1736 1507 
387 1129 
702 103 
1800 1689 
971 1555 
1650 1168 
1231 1081 
805 813 
892 663 
1263 1326 
1287 1160 
773 1002 
892 1058 
20-25 25-30 
1492 1294. 
1058 1113 
1152 979 
1657 1436 
1105 963 
1066 1073 
1586 1231 
1413 1350 
1129 1081 
1247 1160 
2044 1571 
1429 1176 
1192 1160 
994 1168 
1326 1373 
1436 1231 
939 1073 
1192 1223 
979 939 
1010 1334 
1176 1215 
1184 1350 
1034 1365 
1263 1302 
15-20 
kPa 
1910 
1105 
1192 
1650 
1436 
1373 
1713 
1413 
1176 
1413 
2052 
1184 
1081 
1002 
1657 
1642 
1018 
947 
726 
624 
1279 
1365 
876 
1287 
Table D.3 (Continued) 
Block Till Traffic Track Grid Repeat 0-5 
B2 S2 11 T1 G1 R1 1255 
B2 S2 11 T1 G1 R2 1460 
B2 S2 11 T1 G2 R1 276 
B2 S2 11 . T1 G2 R2 316 
B2 S2 11 T2 G1 R1 182 
B2 S2 11 T2 G1 R2 253 
B2 S2 11 T2 G2 R1 1484 
B2 S2 11 T2 G2 R2 1500 
B2 S2 12 T1 G1 R1 292 
B2 S2 12 T1 GI R2 229 
B2 S2 12 T1 G2 R1 608 
B2 S2 12 T1 G2 R2 474 
B2 S2 12 T2 Gl R1 316 
B2 S2 12 T2 Gl R2 403 
B2 S2 12 T2 G2 HI 584 
B2 S2 12 T2 G2 R2 663 
B3 SI 11 T1 Gl R1 1121 
B3 SI II T1 Gl R2 1279 
B3 SI 11 T1 G2 R1 734 
B3 SI 11 T1 G2 R2 931 
B3 SI 11 T2 Gl R1 387 
B3 SI 11 T2 Gl R2 639 
B3 SI 11 T2 G2 R1 584 
B3 SI 11 T2 G2 R2 702 
Depth(cm) 
5-10 10-15 15-20 20-25 25-30 
1681 1981 1807 1302 1397 
1468 ' 1579 1918 1871 1918 
900 1200 1460 1287 1302 
963 963 1152 1105 1129 
545 884 789 1042 1184 
695 987 1192 1365 1192 
1650 1926 2084 1650 1271 
1239 1634 1713 1452 1310 
552 474 1176 1129 1231 
355 568 718 1042 1042 
663 1152 1310 1302 1279 
1160 1326 1334 1429 1326 
481 1294 1247 1413 1626 
584 1302 1144 1184 1239 
426 631 939 939 1192 
947 1405 1500 1026 1231 
1263 1184 931 955 1144 
1515 1365 1113 1160 1066 
687 1721 1910 1634 1657 
1807 2036 2147 1902 1721 
845 1294 1215 1050 916 
979 1365 1302 1137 1176 
742 1105 1176 1121 1050 
1152 1405 1634 1381 1144 
Table D.3 (Continued) 
Block Till Traffic Track Grid Repeat 0-5 
B3 SI 12 T1 G1 R1 1452 
B3 SI 12 T1 G1 R2 1444 
B3 SI 12 T1 G2 R1 900 
B3 SI 12 T1 G2 R2 781 
B3 SI 12 T2 G1 R1 947 
B3 SI 12 T2 G1 R2 1018 
B3 SI 12 T2 G2 R1 789 
B3 SI 12 T2 G2 R2 695 
B3 S2 11 T1 G1 R1 0 
B3 S2 11 T1 G1 R2 229 
B3 S2 11 T1 G2 R1 245 
B3 S2 11 T1 G2 R2 766 
B3 S2 11 T2 G1 R1 355 
B3 S2 11 T2 G1 R2 253 
B3 S2 11 T2 G2 R1 481 
B3 S2 11 T2 G2 R2 971 
B3 S2 12 T1 G1 R1 481 
B3 S2 12 T1 G1 R2 631 
B3 S2 12 T1 G2 R1 529 
B3 S2 12 T1 G2 R2 592 
B3 S2 12 T2 G1 R1 410 
B3 S2 12 T2 G1 R2 245 
B3 S2 12 T2 G2 R1 316 
B3 S2 12 T2 G2 R2 442 
B4 SI 11 T1 G1 R1 1144 
B4 SI 11 T1 G1 R2 1239 
B4 SI 11 T1 G2 R1 726 
B4 SI 11 T1 G2 R2 955 
Depth(cm) 
5-10 10-15 15-20 20-25 25-30 
1610 1294 1018 1073 931 
1547 1657 1579 1365 1129 
1026 1113 1287 1144 1002 
1239 1310 1247 1279 1271 
1231 1263 1113 1121 979 
1137 1208 1318 1531 1223 
1176 1239 1010 1342 1215 
916 1200 979 979 1097 
71 900 979 892 647 
379 1421 1492 1563 1176 
331 1050 1255 1263 1247 
734 1168 1389 1350 1507 
292 1026 1058 1026 1144 
260 884 845 963 1058 
994 1650 1507 1239 li55 
1736 . 1302 1413 1413 963 
971 1097 1642 1689 1381 
695 1168 1358 1160 1042 
489 1121 1689 1642 1460 
821 1010 1736 1476 1239 
529 1263 1192 1058 805 
489 1129 1208 1271 963 
347 900 1279 1365 1271 
568 1326 1484 1121 766 
1555 1871 1705 1744 1444 
1807 1673 1460 1547 1239 
1050 1113 994 1523 1429 
1160 1579 1002 1342 1247 
Table D.3 (Continued) 
Block Till Traffic Track Grid Repeat 
B4 SI 11 T2 G1 R1 
B4 SI 11 T2 G1 R2 
B4 SI 11 T2 G2 R1 
B4 SI 11 T2 G2 R2 
B4 SI 12 T1 G1 R1 
B4 SI 12 T1 G1 R2 
B4 SI 12 T1 G2 R1 
B4 SI 12 T1 G2 R2 
B4 SI 12 T2 G1 R1 
B4 SI 12 T2 G1 R2 
B4 SI 12 T2 G2 R1 
B4 SI 12 T2 G2 R2 
B4 S2 11 T1 G1 R1 
B4 S2 11 T1 G1 R2 
B4 S2 11 T1 G2 R1 
B4 S2 11 T1 G2 R2 
B4 S2 11 T2 G1 R1 
B4 S2 11 T2 G1 R2 
B4 S2 11 T2 G2 R1 
B4 S2 11 T2 G2 R2 
B4 S2 12 T1 G1 R1 
B4 S2 12 T1 G1 R2 
B4 S2 12 T1 G2 R1 
B4 S2 12 T1 G2 R2 
B4 S2 12 T2 G1 R1 
B4 S2 12 T2 G1 R2 
B4 S2 12 T2 G2 R1 
B4 S2 12 T2 G2 R2 
Depth(cm) 
0-5 5-10 10-15 15-20 20-25 25-30 
71 1137 1436 1271 1105 1073 
189 1089 1405 1381 1026 1026 
450 663 1208 1200 1144 1058 
450 837 939 884 1081 987 
466 1192 1152 1026 860 979 
442 1050 1397 1105 1310 1231 
671 1460 1728 2510 2257 1965 
884 1657 1776 1650 1697 1886 
631 505 1113 1239 1121 1081 
592 797 876 971 1010 1050 
347 474 726 679 616 813 
679 916 963 884 821 923 
521 1326 1942 1839 1736 1105 
142 939 1208 1381 1507 1010 
837 1066 1002 1168 1144 1373 
316 347 1129 1618 1673 1184 
513 718 1121 1034 1121 1121 
0 142 718 837 813 813 
363 1050 1294 1618 1807 1255 
347 1121 1365 1255 1066 1089 
426 837 1373 1602 1255 1886 
481 1034 1665 1815 1089 1302 
474 639 1168 1081 994 979 
410 529 1034 1073 979 1010 
545 466 726 947 939 947 
0 0 284 600 568 750 
0 0 568 734 994 829 
0 0 734 821 695 568 
Table D.4-. Dry soil bulk density 
Block Till Traffic Track Grid 
B1 SI 11 T1 G1 
B1 SI 11 T1 G2 
B1 SI 11 T2 G1 
El SI 11 T2 G2 
B1 SI 12 T1 G1 
El SI 12 T1 G2 
B1 SI 12 T2 G1 
B1 SI 12 T2 G2 
El S2 11 T1 G1 
B1 S2 11 T1 G2 
B1 S2 11 T2 G1 
B1 S2 11 T2 G2 
El S2 12 T1 G1 
B1 S2 12 T1 G2 
B1 S2 12 T2 G1 
El S2 12 T2 G2 
B2 SI 11 T1 G1 
B2 SI 11 T1 G2 
B2 SI 11 T2 G1 
B2 SI 11 T2 G2 
B2 SI 12 T1 G1 
B2 SI 12 T1 G2 
B2 SI 12 T2 G1 
E2 SI 12 T2 G2 
0-5 5-10 
1.81 1.52 
1.05 1.53 
0.91 1.05 
1.19 1.30 
1.32 1.43 
1.38 1.26 
1.29 1.20 
1.12 1.32 
1.04 1.87 
1.17 1.42 
1.03 1.09 
0.50 1.26 
0.74 1.20 
1.19 1.12 
1.19 1.37 
0.50 1.13 
1.62 1.57 
1.27 1.31 
1.20 1.09 
1.12 1.25 
0.94 1.20 
1.41 1.24 
1.25 1.49 
0.97 1.29 
Depth(cm) 
10-15 15-20 20-25 25-30 
1.76 1.38 1.51 1.45 
1.57 1.62 1.39 1.42 
1.25 1.45 1.40 1.41 
1.40 1.35 1.47 1.39 
1.65 1.55 1.48 1.46 
1.33 1.39 1.46 1.54 
1.54 1.49 1.46 1.51 
1.40 1.54 1.42 1.58 
1.48 1.60 1.64 1.54 
1.56 1.59 1.77 1.55 
1.22 1.53 1.35 1.43 
1.49 1.47 1.56 1.49 
1.57 1.46 1.80 1.68 
1.21 1.27 1.66 1.36 
1.46 1.58 1.61 1.39 
1.35 1.40 1.44 1.52 
1.35 1.47 1.46 1.43 
1.32 1.22 1.44 1.48 
1.17 1.44 1.59 1.30 
1.35 1.54 1.59 1.42 
1.50 1.50 1.24 1.43 
1.42 1.40 1.69 1.33 
1.49 1.48 1.53 1.48 
1.41 1.33 1.70 1.44 
Table D.4 (Continued) 
Block Till Traffic Track Grid 
02 S2 11 T1 G1 
B2 S2 11 T1 G2 
B2 S2 11 T2 G1 
B2 S2 11 T2 G2 
B2 S2 12 T1 G1 
B2 S2 12 T1 G2 
B2 S2 12 T2 G1 
B2 S2 12 T2 G2 
B3 SI 11 T1 G1 
B3 SI 11 T1 G2 
B3 SI 11 T2 G1 
B3 SI 11 T2 G2 
B3 31 12 T1 G1 
B3 SI 12 T1 G2 
B3 SI 12 T2 G1 
B3 SI 12 T2 G2 
B3 S2 11 T1 G1 
B3 S2 11 T1 G2 
B3 S2 11 T2 G1 
B3 S2 11 T2 G2 
B3 S2 12 T1 G1 
B3 S2 12 T1 G2 
B3 S2 12 T2 G1 
B3 S2 12 T2 G2 
Depth(cm) 
0-5 5-10 10-15 15-20 20-25 25-30 
1.09 1.76 1.60 1.66 1.57 1.52 
1.04 1.22 1.42 1.48 1.53 1.45 
1.16 1.23 1.47 1.47 1.35 1.44 
1.10 1.08 1.29 1.49 1.57 1.41 
0.64 0.79 1.20 1.35 1.55 1.56 
1.21 1.14 1.46 1.37 1.36 1.65 
0.96 1.32 1.52 1.56 1.61 1.58 
0.92 1.07 1.32 1.46 1.79 1.79 
1.44 1.53 1.45 1.54 1.48 1.26 
1.00 1.26 1.39 1.28 1.47 1.41 
1.28 1.17 1.52 1.52 1.62 1.56 
0.94 1.25 1.11 1.61 1.46 1.65 
1.10 1.33 1.36 1.57 1.34 1.25 
0.97 1.12 1.28 1.43 1.39 1.41 
1.04 1.30 1.40 1.42 1.40 1.36 
1.00 1.22 1.17 1.44 1.47 1.42 
0.83 1.35 1.39 1.47 1.52 1.39 
1.06 1.07 1.32 1.44 1.19 1.36 
1.08 1.06 1.67 1.60 1.63 1.71 
1.14 1.18 1.37 1.65 1.69 1.54 
1.21 1.31 1.14 1.42 1.67 1.39 
1.36 1.34 1.30 1.39 1.54 1.28 
1.04 1.31 1.30 1.54 1.44 1.33 
1.03 1.34 1.34 1.35 1.58 1.45 
Table D.4 (Continued) 
Block Till Traffic Track Grid 
B4 SI 11 T1 G1 
B4 SI 11 T1 G2 
B4 SI 11 T2 G1 
B4 SI 11 T2 G2 
B4 SI 12 T1 G1 
B4 SI 12 T1 G2 
B4 SI 12 T2 G1 
B4 SI 12 T2 G2 
B4 S2 11 T1 G1 
B4 S2 11 T1 G2 
B4 S2 11 T2 G1 
B4 S2 11 T2 G2 
B4 S2 12 T1 G1 
B4 S2 12 T1 G2 
B4 S2 12 T2 G1 
B4 S2 12 T2 G2 
Depth(cm) 
0-5 5-10 
1.43 1.49 
1.26 1.06 
0.90 1.04 
0.70 0.96 
1.34 1.21 
0.84 1.26 
1.25 1.09 
1.15 1.19 
1.24 1.24 
1.13 1.26 
0.95 1.02 
1.00 1.47 
1.05 1.02 
1.35 1.35 
0.80 1.07 
1.00 1:00 
10-15 . 15-20 
g/cmS --
1.56 1.35 
1.38 1.43 
1.15 1.51 
1.04 1.00 
1.37 1.50 
1.39 1.58 
1.21 1.36 
1.19 1.38 
1.27 1.21 
1.21 1.23 
1.44 1.49 
1.52 1.47 
1.78 1.32 
1.38 1.02 
1.12 1.22 
1.08 1.32 
20-25 25-30 
1.48 1.45 
1.36 1.34 
1.49 1.29 
1.61 1.35 
1.56 1.34 
1.45 1.30 
1.50 1.40 
1.53 1.31 
1.38 1.19 
1.39 1.55 
1.56 1.55 
1.42 ° 1.52 
1.55 1.28 
1.34 1.36 
1.40 1.41 
1.52 1.32 
Table D.5. Gravimetric soil moisture contents. 
lock Till Traffic Track Grid 0-5 5-10 
B1 SI 11 T1 G1 14.0 16.6 
B1 SI 11 T1 G2 13.7 14.6 
B1 SI 11 T2 G1 18.8 23.9 
El SI 11 T2 G2 18.3 22.8 
El SI 12 T1 01 22.7 21.8 
El SI 12 T1 G2 18.1 19.7 
El SI 12 T2 G1 23.5 21.8 
El SI 12 T2 G2 18.1 20.3 
El S2 11 T1 G1 12.5 15.5 
El S2 11 T1 G2 10.4 12.7 
El S2 11 T2 G1 19.9 23.4 
El S2 11 T2 G2 18.6 23.7 
B1 S2 12 T1 . G1 13.1 17.9 
El S2 12 T1 G2 11.7 14.2 
El S2 12 T2 G1 16.5 20.8 
El S2 12 T2 G2 19.6 22.4 
E2 SI 11 T1 G1 20.6 22.7 
E2 SI 11 T1 G2 12.6 17.6 
B2 SI 11 T2 G1 19.1 21.6 
E2 SI 11 T2 G2 15.3 20.4 
B2 SI 12 T1 G1 24.2 21.2 
E2 SI 12 T1 G2 13.7 17.0 
E2 SI 12 T2 G1 17.0 19.2 
E2 SI 12 T2 G2 10.6 13.8 
60 days after planting 
Depth(cm) 
10-15 15-20 
16.3 16.4 
14.3 14.2 
27.4 26.6 
22.9 23.8 
22.0 16.3 
20.6 21.6 
18.9 23.3 
20.2 21.6 
16.4 16.5 
12.9 13.9 
29.4 23.5 
19.5 20.0 
17.1 16.4 
16.7 17.2 
19.9 19.4 
21.1 19.7 
23.4 23.4 
18.3 18.7 
24.2 24.5 
20.5 22.1 
22.6 22.8 
16.5 17.0 
19.6 20.0 
14.6 15.6 
20-25 25-30 
17.8 17.0 
15.1 15.5 
28.8 30.7 
24.8 27.9 
24.8 25.1 
23.8 22.7 
24.4 24.3 
22.0 23.5 
17.6 20.2 
15.2 19.1 
24.6 25.2 
20.4 22.0 
16.9 17.5 
16.9 17.8 
21.8 20.6 
20.7 22.0 
25.7 26.6 
19.6 20.4 
27.6 27.6 
23.0 26.6 
25.7 25.2 
16.3 19.0 
21.5 22.3 
16.2 16.5 
Table D.5 (Continued) 
Block Till Traffic Track Grid 
B2 S2 11 T1 G1 
B2 82 11 T1 G2 
B2 S2 11 T2 G1 
B2 S2 11 T2 G2 
B2 S2 12 T1 G1 
B2 S2 12 T1 G2 
B2 S2 12 T2 G1 
B2 S2 12 T2 G2 
B3 SI 11 T1 G1 
B3 SI 11 T1 G2 
B3 SI 11 T2 G1 
B3 SI 11 T2 G2 
B3 SI 12 T1 G1 
B3 SI 12 T1 G2 
B3 SI 12 T2 G1 
B3 SI 12 T2 G2 
B3 S2 11 T1 G1 
B3 S2 11 T1 G2 
B3 S2 11 T2 G1 
B3 S2 11 T2 G2 
B3 S2 12 T1 G1 
B3 S2 12 T1 G2 
B3 S2 12 T2 G1 
B3 S2 12 T2 G2 
Depth(cm) 
0-5 
13.9 
1 2 . 6  
15.4 
12.6 
.12.7 
15.5 
19.4 
15.2 
17.7 
13.8 
9.2 
16.4 
27.9 
23.2 
2 1 . 2  
17.8 
24.8 
22.3 
1 2 . 6  
10.3 
12.5 
14.5 
23.5 
2 1 . 6  
5-10 
16.5 
17.9 
2 1 . 1  
16.7 
24.8 
21.3 
20.7 
2 0 . 1  
20.0  
18.6  
19.6 
21.5 
23.7 
25.0 
2 2 . 6  
21.9 
24.7 
2 6 . 0  
1 8 . 2  
15.3 
18.4 
1 6 . 8  
9.4 
24.0 
10-15 
16.4 
17.9 
20.5 
1 6 . 8  
21.5 
21.5 
19.8 
19.3 
20.6 
1 8 . 2  
21.7 
21.9 
22.5 
21.9 
22 .0  
2 1 . 6  
21.5 
25.7 
20.5 
16.7 
19.2 
17.5 
24.0 
23.5 
15-20 
1 6 . 8  
17.6 
19.6 
17.5 
2 1 . 0  
22.4 
20.4 
18.5 
20 .8  
18.2 
2 1 . 8  
2 1 . 6  
23.7 
24.6 
22 .6  
2 2 . 2  
22.7 
25.1 
19.5 
16.9 
17.7 
17.4 
21.7 
23.0 
20-25 
16.9 
19.2 
22.3 
19.1 
20.7 
23.1 
21 .0  
19.2 
22.3 
1 8 . 2  
23.9 
2 1 . 6  
24.6 
25.1 
23.5 
23.2 
23.3 
25.0 
19.8 
1 8 . 1  
17.8 
15.6 
21.5 
23.6 
25-30 
17.6 
19.2 
21.5 
19.1 
2 1 . 2  
21.4 
• 21.8 
20.9 
23.7 
18.6  
25.3 
22.8  
25.5 
25.9 
25.5 
22.7 
2 6 . 2  
27.0 
21.8 
2 1 . 2  
17.5 
15.7 
22.3 
24.0 
Table D.5 (Continued) 
Block Till Traffic Track Grid 
B4 SI 11 T1 G1 
B4 SI 11 . T1 G2 
B4 81 11 T2 G1 
B4 SI 11 T2 G2 
B4 SI 12 T1 G1 
B4 SI 12 T1 G2 
B4 SI 12 T2 G1 
B4 SI 12 T2 G2 
B4 82 11 T1 G1 
B4 82 11 T1 G2 
B4 82 11 T2 G1 
B4 S2 11 T2 G2 
B4 S2 12 T1 G1 
B4 82 12 T1 G2 
B4 82 12 T2 G1 
B4 82 12 T2 G2 
Depth(cm) 
0-5 5-10 10-15 15-20 20-25 25-30 
16.7 • 17.7 18.0 18.1 18.3 19.4 
15.0 12.1 14.7 15.3 15.2 15.4 
23.4 25.8 23.6 23.7 26.3 26.8 
17.8 19.4 20.2 21.2 22.4 22.6 
17.4 17.9 17.5 17.0 17.0 18.6 
10.3 15.2 14.8 14.1 13.9 13.6 
18.9 21.6 24.3 22.1 21.2 21.6 
14.6 20.7 20.5 20.1 19.4 19.8 
17.8 22.8 22.6 22.9 24.3 25.2 
21.7 19.9 21.4 23.2 23.6 24.9 
17.2 22.2 22.0 22.6 23.1 24.7 
21.3 20.3 20.3 21.2 22.8 23.3 
15.2 18.9 17.? 17.1 16.5 16.8 
16.1 18.7 19.5 19.3 19.2 19.5 
25.3 26.0 25.5 26.3 25.0 24.9 
18.8 21.6 21.7 21.4 19.7 19.7 
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Table D.6. Grain yield and moisture (Experiment 1, 1986) 
Block Till Traffic Track Yield 
(t/ha) 
Grain 
Moisture 
(%) 
B1 SI F1 T1 7.75 24.1 
B1 SI F1 T2 5.29 24.4 
B1 SI F2 T1 7.94 23.4 
B1 SI F2 T2 5.26 27.5 
B1 SI F3 T1 6.69 26.1 
B1 SI F3 T2 6.69 24.8 
B1 S2 F1 T1 7.23 23.9 
B1 S2 F1 T2 4.87 26.7 
B1 S2 F2 T1 8.11 23.7 
B1 S2 F2 T2 5.90 24.8 
B1 S2 F3 T1 6.06 24.9 
B1 S2 F3 T2 5.02 25.2 
B2 SI F1 T1 7.13 24.3 
B2 SI F1 T2 6.15 24.4 
B2 SI F2 T1 7.75 23.2 
B2 SI F2 T2 7.97 23.7 
B2 SI F3 T1 8.02 24.2 
B2 SI F3 T2 7.67 22.3 
B2 S2 F1 T1 5.90 26.4 
B2 S2 F1 T2 4.75 26.7 
B2 S2 F2 T1 7.08 27.5 
B2 S2 F2 T2 7.40 25.5 
B2 S2 F3 T1 6.83 24.8 
B2 S2 F3 T2 6.30 25.1 
B3 SI F1 T1 8.68 21.5 
B3 SI F1 T2 5.12 24,5 
B3 SI F2 T1 8.90 25.5 
B3 SI F2 T2 5.41 22.9 
B3 SI • F3 T1 5.31 23.8 
B3 SI F3 T2 8.71 23.9 
B3 S2 F1 T1 5.49 25.6 
B3 S2 F1 T2 5.46 22.5 
B3 S2 F2 T1 7.97 22.6 
B3 S2 F2 T2 5.66 22.7 
B3 S2 F3 T1 - 26.6 
B3 S2 F3 T2 - 25.7 
B4 SI F1 T1 8.70 22.1 
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Table D.6. Continued 
Block Till Traffic Track Yield 
(t/ha) 
Grain 
Moisture 
(%) 
B4 SI F1 T2 4.70 23.2 
B4 SI F2 T1 8.85 22.2 
B4 SI F2 T2 8.49 21.3 
B4 SI F3 T1 4.30 23.8 
B4 SI F3 T2 8.17 25.0 
B4 S2 F1 T1 7.18 24.5 
B4 S2 F1 T2 4.70 25.6 
B4 S2 F2 T1 3.10 24.3 
B4 S2 F2 T2 - 25.8 
B4 82 F3 T1 4.40 24.7 
B4 S2 F3 T2 6.94 24.8 
Table D.7. Analysis of variance of emergence percentages (Experiment 1, 1986) 
Emergence 
Days after planting 
Source DF 7 8 10 35 
MS F MS F MS F MS F 
Tillage(S) 1 671 7.53** 671 11.68*** 1144 20.78*** 1023 23.25*** 
Traffic (F) 2 12 <1 15 <1 6 < 1  6 <1 
SxF 2 15 <1 19 <1 11 <1 <1 <1 
Error 18 89 57 55 44 
Corrected 
Total 23 
**Significant at 0.05 probability level. 
***Significant at 0.01 probability level. 
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Table D.8. Analysis of variance of plant heights and plant dry matter 
weights 43 days after planting (Experiment 1, 1986) 
Plant heights Dry matter weights 
Source DF DF 
MS F MS F 
Tillage(S) 1 3629.7 . 24.31*** < 1 1101 16.34*** 
Traffic(F) 2 37.7 <1 2 84 1.24 
SxF 2 1.9 <1 2 25 <1 
Error 18 149.3 — —  17 67 
Corrected 
Total 23 22 
***Significant at 0.10 probability level. 
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Table D.9. Analysis of variance of grain yield and grain moisture 
(Experiment 1, 1986) 
Source DF 
Grain Yield DF Grain Moisture 
MS F MS F 
Tillage(S) 1 12.1 8.10*** 1 16.9 7.68*** 
Traffic(F) 2 2.6 1.73 2 1.3 <1 
Track(T) 1 5.0 3.33* 1 0.6 < 1 
SxF 2 0.0 <1 2 0.7 < 1 
SxT 1 0.0.4 <1 1 0.1 < 1 
FxT 2 9.2 6.13*** 2 0.9 <1 
SxFxT 2 4.3 2.8 2 0.8 <1 
Error 33* 1.5 - 36 2.2 <1 
Corrected 
Total 44* - - 47 - -
N^umber less than actual due to missing data values. 
S^ignificant at 0.10 probability level. 
***Significant at 0.01 probability level. 
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Table D.IO. Analysis of variance of soil penetration resistance 
(Experiment 1, 1986) 
Source DF MS F 
Tillage(S) 1 1587771 5.47** 
Traffic(F) 1 1325537 4.56** 
Track(T) 1 4883220 16.82*** 
SxF 1 4231 <1 
SxT 1 651820 2.25 
FxT 206594 <1 
Error(1) .25 290278 
Subtotal(1) 31 
Grld(G) 1 835557 2.61 
GxS 1 103953 <1 
GxF 1 1057760" 3.30* 
GxT 1 815794 2.54 
Error(2) 28 320568 — — 
Subtotal(2) 63 
Depth(d) 5 3822671 108.85*** 
DxS 5 576641 16.42*** 
DxF 5 47768 1.36 
DxT 5 30913 <1 
DxG 5 14481 <1 
Error(3) 295 35119 — 
Corrected Total 383 
*Slgnlflcant at 0.10 probability level. 
**Slgnifleant at 0.05 probability level. 
***Slgnlfleant at 0.01 probability level. 
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Table D.ll. ANOVA of soil dry density and moisture content (Experiment 
1, 1986) 
Source DF 
Soil dry density Moisture contents 
MS F MS F 
Tillage(S) 1 0.015 <1 40.2 <1 
Traffic(F) 1 0.086 1.21 2.25 <1 
Track(T) 1 0.157 2.21 425.9 4.24* 
SxF 1 0.051 <1 6.5 <1 
SxT 1 0.040 <1 6.5 <1 
FxT 1 0.084 1.18 16.8 <1 
Error(1) 25 0.071 — 100.5 —  —  
Subtotal(1) 31 
Grid(G) 1 0.175 6.73*** 320.1 27.78*** 
GxS 1 0.014 <1 113.1 8.05*** 
GxF 1 0.007 <1 5.4 <1 
FxT 1 0.012 <1 3.1 <1 
Error(2) 28 0.026 — 14.1 
Subtotal(2) 63 
Depth(D) 5 1.484 74.20*** 165.7 58.56*** 
DxS 5 0.087 4.35*** 4.1 1.43 
DxF 5 0.012 <1 15.5 5.47*** 
DxT 5 0.123 6.15*** 4.5 1.60 
DxG 5 0.026 1.30 2.3 <1 
Error(3) 295 0.020 — —  2.8 — 
Corrected 
Total 383 
*Signlficant at 0.10 probability level. 
***Significant at 0.05 probability level. 
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APPENDIX E. DATA AND ANALYSES, EXPERIMENT 2, 1985 
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Table E.l. Percentage emergence 
B1 
B1 
B1 
31 
B1 
31 
31 
31 
31 
B1 
31 
31 
31 
31 
31 
31 
32 
32 
B2 
32 
32 
32 
32 
32 
32 
32 
32 
B2 
32 
32 
B2 
32 
33 
33 
33 
33 
33 
B3 
33 
B3 
Days after planting 
Till Traffic Track 8 10 12 20 45 
I/O/ " 
SI F1 T1 75 81 84 84 90 
SI F1 T2 48 56 57 79 87 
SI F2 T1 52 52 60 71 81 
SI F2 T2 37 54 59 71 73 
SI F3 T1 71 76 78 84 92 
SI F3 T2 65 78 78 83 84 
SI F4 T1 . 75 76 83 86 95 
SI F4 T2 54 59 62 71 73 
S2 F1 - T1 75 83 86 86 89 
S2 F1 T2 37 52 65 73 75 
S2 F2 T1 71 78 81 83 86 
S2 F2 T2 54 65 78 84 
S2 F3 T1 86 95 95 98 100 
S2 F3 T2 37 54 70 71 
S2 F4 T1 79 83 83 83 86 
S2 F4 T2 30 54 60 76 84 
SI F1 T1 75 86 86 90 94 
SI F1 T2 57 65 84 86 89 
SI F2 T1 79 81 81 83 84 
SI F2 T2 37 51 59 79 84 
SI F3 T1 70 79 81 94 97 
SI F3 T2 62 78 78 95 97 
SI • F4 T1 54 71 60 83 90 
SI F4 T2 68 79 83 84 94 
S2 F1 T1 81 87 87 87 87 
S2 F1 T2 59 73 81 90 94 
S2 F2 T1 68 75 79 95 97 
S2 F2 T2 73 87 87 92 94 
S2 F3 T1 81 87 89 94 100 
S2 F3 T2 57 60 65 70 73 
S2 F4 T1 62 71 81 90 98 
S2 F4 T2 27 35 52 65 68 
SI F1 T1 76 84 83 75 94 
SI F1 T2 78 79 86 92 94 
SI F2 T1 57 73 71 94 94 
SI F2 T2 27 32 40 71 76 
SI F3 T1 83 94 87 95 98 
SI F3 T2 44 63 65 78 78 
SI F4 T1 54 62 70 81 87 
SI F4 T2 . 63 65 75 ' 87 94 
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Table E.l (Continued) 
Block Till Traffic Track 
B3 S2 F1 T1 
B3 S2 F1 . T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B3 S2 F4 T1 
B3 S2 Fi T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 SI F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 SI F4 T1 
B4 SI F4 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 S2 F3 T1 
B4 S2 F3 T2 
B4 S2 F4 T1 
B4 S2 F4 T2 
Days after planting 
8 10 12 20 45 
76 86 87 90 94 
46 65 81 86 
54 78 78 76 90 
52 73 79 83 98 
65 70 75 86 87 
71 87 86 94 97 
60 65 78 90 97 
6/ 76 78 83 89 
62 70 76 90 94 
44 ' 59 62 73 76 
63 65 65 86 • 94 
71 78 81 90 92 
57 59 59 78 86 
68 71 71 73 89 
52 71 75 83 95 
30 33 43 76 90 
63 68 73 76 90 
46 57 73 94 97 
59 70 83 87 94 
63 76 81 89 92 
75 83 76 90 95 
43 76 76 86 92 
41 46 52 76 84 
33 35 43 52 
Table E.2. Plant heights 53 days after planting 
Block Till Traffic Track 1 
B1 SI F1 T1 90 
B1 SI F1 T2 51 
El SI F2 T1 43 
B1 SI F2 T2 58 
B1 SI F3 T1 69 
B1 SI F3 T2 90 
B1 SI F4 T1 65 
B1 SI F4 T2 77 
B1 S2 F1 T1 84 
B1 S2 F1 T2 72 
B1 S2 F2 T1 79 
B1 S2 F2 T2 71 
B1 S2 F3 T1 85 
B1 S2 F3 T2 77 
B1 S2 F4 T1 73 
B1 S2 F4 T2 62 
B2 SI F1 T1 61 
B2 SI F1 T2 41 
B2 SI F2 T1 74 
B2 SI F2 T2 62 
B2 SI F3 T1 56 
B2 SI F3 T2 71 
B2 SI F4 T1 76 
B2 SI F4 T2 57 
Plant heights 
3 4 
flan 
5 
— cm 
t NO. 
6 7 8 9 10 
81 80 71 83 72 89 94 81 
67 57 68 58 71 63 72 39 
65 43 44 74 66 65 81 55 
72 79 86 83 66 69 86 89 
63 57 80 60 51 60 76 77 
80 60 91 84 85 74 79 76 
37 58 66 71 86 71 80 72 
70 47 89 76 81 72 74 50 
67 73 86 104 88 98 96 88 
69 88 78 57 72 66 50 58 
57 70 63 89 82 60 89 86 
52 60 69 58 70 71 73 57 
69 90 79 78 69 74 79 75 
71 72 55 67 62 63 83 39 
72 74 55 72 62 62 80 65 
77 67 60 75 57 80 60 74 
48 66 . 63 47 61 47 44 36 
38 66 55 71 52 61 48 52 
75 81 65 61 81 79 53 38 
83 70 66 83 75 74 78 62 
63 76 79 54 58 36 48 56 
69 69 75 70 75 79 83 81 
62 76 69 60 67 62 55 48 
43 51 65 56 53 86 79 75 
2 
77 
38 
62 
65 
67 
86 
75 
80 
79 
66 
83 
62 
71 
71 
69 
62 
57 
66 
74 
75 
57 
73 
70 
62 
Table E.2 (Continued) 
Block Till Traffic Track 
B2 S2 F1 T1 
B2 S2 F1 T2 
B2 S2 F2 T1 
B2 S2 F2 T2 
B2 S2 F3 T1 
B2 S2 F3 T2 
B2 S2 F4 T1 
B2 S2 F4 T2 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 SI F2 T2 
B3 SI F3 T1 
B3 SI F3 T2 
B3 SI F4 T1 
B3 SI F4 T2 
B3 S2 F1 T1 
B3 S2 F1 T2 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B3 S2 F4 T1 
B3 S2 F4 T2 
1 2 3 
56 48 37 
47 48 46 
69 71 48 
62 66 70 
65 62 69 
73 85 85 
61 38 51 
65 58 46 
70 57 61 
76 75 77 
89 83 84 
43 70 62 
67 72 72 
56 56 56 
44 85 72 
53 45 66 
56 69 65 
41 46 30 
51 57 58 
37 48 71 
57 56 55 
46 42 52 
65 46 62 
53 65 56 
Plant heights 
Plant No. 
4 5 6 
era 
38 58 62 
53 38 48 
71 76 55 
65 75 60 
56 61 57 
67 63 50 
43 48 49 
61 51 55 
60 71 46 
72 69 81 
53 84 67 
41 69 55 
79 74 76 
71 48 64 
58 60 66 
57 63 74 
52 52 60 
42 50 52 
55 62 52 
56 47 63 
62 65 60 
61 55 66 
37 71 44 
67 48 56 
8 9 10 
39 62 36 
56 58 56 
69 70 56 
65 75 60 
67 58 63 
69 77 51 
52 60 30 
67 65 62 
79 84 81 
69 77 55 
77 77 60 
38 51 '39 
48 79 77 
63 56 55 
52 43 72 
48 46 65 
76 63 48 
51 56 55 
39 42 53 
51 55 43 
38 58 62 
61 65 65 
75 52 48 
56 53 53 
7 
66 
63 
50 
67 
79 
66 
33 
57 
66 
63 
76 
58 
69 
51 
52 
58 
69 
53 
56 
62 
58 
56 
70 
48 
Table E.2 (Continued) 
Block Till Traffic Track 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
B4 
SI 
SI 
SI 
SI 
SI 
SI 
SI 
51 
52 
S2 
S2 
S2 
S2 
S2 
S2 
S2 
F1 
F1 
F2 
F2 
F3 
F3 
F4 
F4 
F1 
F1 
F2 
F2 
F3 
F3 
F4 
F4 
T1 
T2 
T1 
T2 
T1 
T2 
T1 
T2 
T1 
T2 
T1 
T2 
T1 
T2 
T1 
T2 
Plant heights 
1 2 3 4 
85 81 72 63 
76 67 74 69 
60 57 69 71 
61 88 63 72 
66 65 55 52 
81 80 69 84 
74 76 70 58 
56 61 41 70 
90 86 83 84 
43 51 55 63 
71 62 71 80 
62 37 70 .55 
79 76 56 48 
58 53 65 48 
67 50 61 39 
80 74 65 79 
No. 
6 7 8 9 10 
77 75 86 60 83 
56 48 38 58 79 
55 53 38 72 43 
90 52 85 75 62 
50 80 56 58 52 
89 77 80 75 98 
69 70 70 75 57 
41 44 60 44 37 
97 104 107 79 86 
58 66 62 52 54 
69 52 55 69 66 
51 57 55 55 38 
63 62 61 67 61 
72 55 56 53 61 
46 58 86 50 60 
67 58 70 37 50 
Plant 
5 -
-- cm 
83 
67 
48 
83 
50 
88 
51 
67 
84 
51 
65 
63 
56 
67 
67 
66 
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Table E.3. Percentage tasseling 
Block Till Traffic Track 
B1 SI F1 T1 
B1 SI F1 T2 
B1 SI F2 T1 
B1 SI F2 T2 
El SI F3 T1 
B1 SI F3 T2 
B1 SI F4 T1 
B1 SI F4 T2 
B1 S2 F1 T1 
B1 S2 F1 T2 
B1 S2 F2 T1 
B1 S2 F2 T2 
B1 S2 F3 T1 
B1 S2 F3 T2 
B1 S2 F4 T1 
B1 S2 F4 T2 
B2 SI F1 T1 
B2 SI F1 T2 
B2 SI F2 T1 
B2 SI F2 T2 
B2 SI F3 T1 
B2 SI F3 T2 
B2 SI F4 T1 
B2 SI F4 T2 
B2 S2 F1 T1 
B2 S2 F1 T2 
B2 S2 F2 T1 
B2 S2 F2 T2 
B2 S2 F3 T1 
B2 S2 F3 T2 
B2 S2 F4 T1 
B2 S2 F4 T2 
B3 SI F1 T1 
B3 SI F1 T2 
B3 SI F2 T1 
B3 SI F2 T2 
B3 SI F3 T1 
B3 SI F3 • 2^ 
B3 SI F4 T1 
B3 SI F4 T2 
B3 S2 F1 T1 
B3 S2 F1 T2 
Days after planting 
61 63 65 68 
- — — -
- - - - - - - -  ( % )  "  - - - - - - - - - - -- - - - -
18 67 83 98 
13 38 58 80 
12 35 55 84 
4 15 46 74 
5 36 53 93 
11 53 72 93 
10 53 67 92 
0 15 57 85 
13 46 63 98 
2 23 34 85 
15 52 67 96 
2 9 21 81 
3 32 46 84 
0 9 29 73 
4 15 30 83 
6 21 38 62 
2 17 54 90 
4 11 39 77 
8 42 62 85 
2 26 42 76 
0 31 51 85 
5 30 49 82 
4 26 51 83 
12 27 44 90 
9 26 47 93 
3 31 54 85 
2 20 43 77 
3 32 66 90 
3 33 60 89 
2 28 48 80 
0 2 19 63 
2 26 35 70 
7 46 66 88 
2 27 51 95 
2 15 37 76 
0 10 19 46 
3 26 47 87 
0 8 10 65 
4 18 53 89 
0 • 10 20 83 
0 15 37 75 
2 5 13 43 
Table E.3 (Continued) 
Block Till Traffic Track 
B3 S2 F2 T1 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B3 S2 F4 T1 
B3 S2 F4 T2 
B4 SI F1 T1 
B4 SI F1 T2 
B4 SI F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 SI F4 T1 
B4 SI F4 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 • 
B4 S2 F3 T1 
B4 S2 F3 T2 
B4 S2 F4 T1 
B4 S2 F4 T2 
Days after planting 
61 63 65 68 
-  ( % )  
0 0 11 53 
0 7 8 71 
0 0 , 40 
0 15 36 
10 4 59 90 
0 2 13 59 
17 37 59 55 
4 27 42 79 
0 3 49 
7 50 66 95 
2 15 32 82 
16 41 61 89 
0 12 32 78 
0 18 30 61 
7 26 44 79 
3 13 26 67 
12 32 49 80 
0 7 33 83 
2 32 50 85 
0 14 31 93 
9 26 57 74 
0 6 18 52 
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Table E.4. Dry matter weight 53 days after planting, grain moisture 
at harvest and grain yield 
Dry Matter weight Grain Moisture Yield 
Block Till Traffic Track (g/plant) (%) (t/ha) 
HI SI F1 T1 57.7 36.0 7.42 
B1 SI FX T2 62.7 39.2 6.44 
B1 SI F2 T1 41.5 44.9 6.15 
B1 SI F2 T2 37.1 43.1 8.39 
B1 SI F3 T1 43.4 41.7 6.74 
El SI F3 T2 33.8 42.1 ' 4.78 
B1 SI F4 T1 48.6 37.9 10.1 
B1 SI F4 T2 37.8 34.7 7.62 
B1 S2 F1 T1 50.4 42.6 7.71 
B1 S2 F1 T2 33.0 47.8 5.76 
B1 S2 F2 T1 32.3 35.6 8.30 
B1 S2 F2 T2 39.5 36.8 6.15 
B1 S2 F3 T1 47.8 36.9 9.18 
B1 S2 F3 T2 47.6 37.7 9.67 
B1 S2 F4 T1 26.0 38.6 8.40 
B1 S2 F4 T2 38.5 41.0 7.62 
B2 SI F1 T1 38.3 6.35 
B2 SI F1 T2 37.2 40.8 5.17. 
B2 SI F2 T1 43.6 38.7 7.52 
B2 SI F2 T2 37.3 35.4 8.30 
B2 SI F3 T1 71.6 38.0 7.52 
B2 SI F3 T2 90.7 41.1 6.35 
B2 SI F4 T1 , 37.7 7.13 
B2 SI F4 T2 47.8 35.1 6.55 
B2 S2 F1 T1 34.1 37.7 5.07 
B2 S2 F1 T2 36.4 7.03 
B2 S2 F2 T1 38.0 7.13 
B2 S2 F2 T2 44.6 7.13 
B2 S2 F3 T1 33.7 39.4 5.96 
B2 S2 F3 T2 47.6 40.6 4.78 
B2 S2 F4 T1 43.1 5.08 
B2 S2 F4 T2 38.2 42.7 7.03 
B3 SI F1 T1 42.8 6.44 
B3 SI F1 T2 40.8 6.05 
B3 SI F2 T1 41.3 40.9 4.98 
B3 SI F2 T2 41.7 48.4 4.69 
B3 SI F3 T1 31.6 44.4 6.05 
B3 SI F3 T2 33.9 44.4 7.03 
B3 SI F4 T1 42.6 41.0 7.08 
B3 SI F4 T2 45.8 38.4 5.96 
B3 S2 F1 T1 46.8 43.8 5.61" 
B3 S2 F1 T2 33.2 47.5 6.44 
B3 S2 F2 T1 65.9 47.5 5.86 
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Table E.4 (Continued) 
Block Till Traffic Track 
B3 S2 F2 T2 
B3 S2 F3 T1 
B3 S2 F3 T2 
B3 S2 F4 T1 
B3 S2 F4 T2 
34 SI F1 T1 
B4 SI F1 T2 
B4 SI F2 T1 
B4 SI F2 T2 
B4 SI F3 T1 
B4 SI F3 T2 
B4 SI F4 T1 
B4 SI F4 T2 
B4 S2 F1 T1 
B4 S2 F1 T2 
B4 S2 F2 T1 
B4 S2 F2 T2 
B4 S2 F3 T1 
B4 S2 F3 T2 
B4 S2 F4 T1 
B4 S2 F4 T2 
Dry. imatter weight Grain Moisture Yield 
(g/plant) (%) (t/ha) 
40.4 47.9 4.39 
33.9 47.3 6.83 
46.2 46.4 4.10 
34.5 41.0 6.83 
47.0 42.9 6.93 
67.2 41.6 7.52 
49.1 46.2 5.27 
36.8 42.2 6.83 
36.1 6.05 
33.0 39.3 5.86 
40.2 41.6 7.42 
42.6 46.8 5.37 
39.5 40.4 4.59 
61.7 40.0 
34.9 42.9 6.25 
41.7 42.4 4.49 
55.8 46.8 8.40 
38.5 45.0 5.47 
42.0 
42.2 39.9 5.66 
29.4 44.3 5.66 
Table E.5. Soil penetration resistance, 30 days after planting 
Block Till Track Grid 0-5 5-10 
B1 81 T1 11 150 963 
B1 31 T1 F1 118 876 
B1 SI T1 F2 174 971 
B1 SI T1 F3 150 1208 
B1 SI T1 F4 545 - 1397 
B1 SI T2 11 87 568 
B1 SI T2 F1 126 884 
B1 SI T2 F2 158 1452 
B1 SI T2 F3 994 442 
B1 SI T2 F4 63 79 
B1 S2 T1 11 95 695 
B1 .S2 T1 F1 474 118 
B1 S2 T1 F2 55 363 
B1 S2 T1 F3 237 1137 
B1 S2 T1 F4 118 260 
B1 S2 T2 11 221 1010 
B1 S2 T2 F1 71 513 
B1 S2 T2 F2 110 205 
B1 S2 T2 F3 71 300 
B1 S2 T2 F4 16 55 
B2 SI T1 11 2841 1271 
B2 SI T1 F1 2052 900 
B2 SI T1 F2 150 576 
B2 SI T1 F3 355 1602 
Depth(cm) 
15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 
1081 1034 860 • 884 900 797 852 837 
1279 1144 994 923 821 829 821 845 
1263 1208 1081 884 955 994 1073 1152 
1310 1334 1523 1476 1089 1034 1184 584 
1176 1208 1168 979 916 1168 1129 1089 
1089 1176 1294 1215 1089 1002 868 1002 
1310 1263 1318 1381 1058 979 916 1050 
1097 1137 1042 781 829 781 789 568 
1137 1042 789 821 718 608 647 624 
631 837 1018 1073 947 884 884 947 
1373 1263 1144 994 1034 900 916 813 
1121 1563 1010 916 750 797 726 718 
1089 1121 1468 1168 923 939 947 979 
1673 837 1326 1302 1373 1421 1144 1105 
1618 2013 1650 1089 829 939 829 876 
1287 1318 1271 1026 900 868 916 971 
1271 1026 916 813 813 773 813 916 
237 316 1089 994 829 718 687 655 
1231 1066 860 797 726 702 718 750| 
939 1350 1058 931 750 766 671 687 
1208 868 829 884 766 821 860 979 
1129 1050 1058 1066 971 1034 979 900 
1334 1318 1949 1792 1452 1294 1334 1413 
1358 1239 1034 979 1050 931 884 789 
10-15 
1200 
1010 
860 
1397 
1239 
1058 
1042 
1034 
947 
268 
1531 
260 
387 
1476 
1089 
1689 
1263 
197 
1026 
205 
1279 
1010 
908 
1444 
Table E.5 (Continued) 
Block Till Track Grid 
B2 SI T1 11 
B2 SI T2 F1 
B2 81 T2 F2 
B2 SI T2 F3 
B2 81 T2 F4 
B2 81 T2 11 
B2 S2 T1 F1 
B2 82 T1 F2 
B2 82 T1 F3 
B2 82 T1 F4 
B2 S2 T1 11 
B2 82 T2 F1 
B2 82 T2 F2 
B2 82 T2 F3 
B2 S2 T2 F4 
B2 82 T2 11 
B3 81 T1 F1 
B3 81 T1 F2 
B3 81 T1 F3 
B3 SI T1 F4 
B3 81 T1 11 
B3 SI T2 F1 
B3 SI T2 F2 
B3 SI T2 F3 
1-5 5-10 10-15 
182 821 1089 
150 205 1105 
221 750 994 
205 884 1571 
205 671 1121 
174 1073 1452 
79 852 1421 
110 947 1152 
110 395 403 
95 292 1105 
95 631 1137 
87 182 1215 
39 537 1137 
142 237 1152 
79 229 450 
166 584 1452 
260 1350 1452 
253 1066 1105 
245 971 1066 
355 1350 1405 
426 1657 1681 
316 1002 1144 
253 947 1176 
126 1421 1492 
Depth(cm) 
15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 
-- kPa 
1657 1042 1263 2084 1602 1665 1705 1563 
1744 1831 1681 1626 852 1381 1373 1144 
1144 1728 1768 1531 1468 1358 1223 1208 
1610 1247 1247 1018 979 1081 876 1081 
1310 1365 1160 1097 1034 1081 1334 1247 
1373 1010 876 884 1026 1010 963 1058 
1089 1247 1050 852 766 781 837 994 
1208 947 916 884 813 845 805 1010 
1192 1294 1058 1066 1097 1034 1010 1081 
1176 1050 971 1042 1010 1050 971 1239 
1247 1176 916 908 971 1018 931 931 
1334 1192 1097 1018 947 1010 1066 1050 
1215 1058 963 939 963 876 1042 1105 
1800 1602 1523 1618 1492 1358 1310 1302 
1215 1571 1579 1594 1050 1436 1484 1042 
1334 1878 1878 1555 1586 1429 1365 1421 
1468 1381 1073 1113 1215 1144 1184 908 
1239 1436 1468 1208 1492 1484 2052 1571 
1310 955 837 829 789 797 900 702 
1523 1665 1279 1318 1239 1105 1239 1231 
1342 1334 1429 1200 1113 1026 1121 947 
1294 1168 1271 860 679 624 687 608 
1050 1389 1302 1152 1073 987 987 908 
1721 1965 1665 1239 1050 1287 1223 1215 
Table E.5 (Continued) 
lock Till Track Grid 0-5 5-10 
B3 SI T2 11 174 1152 
B3 SI T2 F1 134 931 
B3 52 T1 F2 47 1531 
B3 S2 T1 F3 608 916 
B3 S2 T1 F4 260 474 
B3 S2 T1 11 79 410 
B3 S2 T1 F1 63 742 
B3 S2 T2 F2 150 158 
B3 S2 T2 F3 55 221 
B3 S2 72 F4 268 300 
B3 S2 T2 11 110 466 
B3 S2 T2 F1 63 474 
B4 SI T1 F2 95 758 
B4 SI T1 F3 268 1066 
.B4 SI T1 F4 118 908 
B4 SI T1 11 205 892 
B4 SI T1 F1 418 900 
B4 SI T2 F2 134 197 
B4 SI T2 F3 268 1310 
B4 SI T2 F4 260 83? 
B4 SI T2 11 253 1350 
B4 SI T2 F1 126 1334 
B4 S2 T1 F2 395 1342 
B4 S2 T1 F3 79 371 
Depth(cin) 
15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 
1460 1350 1334 1294 1342 1334 1255 1208 
1800 1665 1476 1247 1192 1200 1255 1208 
1547 1689 1752 1705 1728 1586 1594 1579 
1571 1594 1768 1807 1697 1634 1800 1792 
1358 1413 1334 1058 1192 1215 1342 1358 
1563 1405 1413 1413 1515 1515 1571 1460 
1137 1365 1507 1452 1523 1326 1350 1413 
1318 1586 1579 1350 1476 1429 1555 13E3 
1066 1539 1507 1452 1665 1586 1468 1334 
963 1066 1121 1231 1310 1247 1121 1105 
1594 1452 1287 1318 1405 1381 1294 1452 
1215 1287 1594 1736 1768 1618 1579 1579 
1358 1271 955 805 1073 1018 1026 1073 
1492 . 1200 1010 987 971 916 979 963i 
1452 1436 1397 1405 1429 1618 1579 1681 
1373 1563 1563 1405 1373 1129 1208 1050 
1200 1334 1365 1389 1602 1681 1800 1673 
1208 1223 1058 1026 1002 1066 1137 1105 
1302 947 1271 1105 1026 884 963 1042 
1452 1460 1468 1050 1026 955 1010 947 
1358 1279 1215 1168 1271 1263 1192 1105 
1334 1318 1247 979 884 939 963 892 
1105 1137 947 1034 876 789 758 600 
1192 1105 908 987 884 821 916 947 
10-15 
1302 
1571 
1373 
1468 
773 
1381 
1302 
474 
481 
387 
1531 
971 
1073 
1255 
797 
1302 
1381 
1215 
1223 
916 
1444 
1184 
1263 
758 
Table E.5 (Continued) 
Depth(cm) 
Block Till Track Grid 0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45 45-50 50-55 
B4 S2 T1 11 32 489 829 1097 1168 1476 1807 1886 1689 1626 1452 
B4 S2 T1 F1 71 1018 1523 1334 1271 1113 1097 931 884 908 868 
B4 S2 T1 F2 55 197 387 1310 1137 1784 2052 1768 1563 1358 1373 
B4 S2 T2 F3 103 205 1279 1231 1436 1200 1255 1152 1018 1105 1223 
B4 S2 T2 F4 126 205 316 1034 1279 1326 1397 1121 939 1105 1168 
B4 S2 T2 11 276 395 1602 1579 1421 1144 1129 1192 1160 1105 1208 
B4 S2 T2 F1 308 347 489 1381 1468 1507 1800 1721 1871 1965 1894 
B4 S2 T2 F2 55 292 1066 1436 1421 1247 1287 1326 1279 1287 1208 
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Table E.6. Gravimetric soil moisture contents, 60 days after planting 
DepthCCm) 
lock Till Track Grid 
1 
O
 
1 
1 
1 1 
O
 
1 1 1 1 
10-20 20-30 • 30-40 
1 1 1 1 1 1 1 1 1 0°
 
- - - - - - - -
B1 SI T1 11 13.1 22,0 26.3 25.0 
B1 SI T1 F1 12.9 18.2 18.1 25.2 
B1 SI T1 F2 17.2 20.1 23.0 24.2 
B1 SI T1 F3 14.5 17.8 21.1 21.9 
B1 SI T1 F4 13.1 17.0 17.2 23.1 
31 SI T2 11 13.2 21.3 21.8 23.3 
B1 SI T2 F1 7.7 13.2 • 17.6 16.6 
B1 SI . T2 F2 12.2 20.3 27.8 26. 7 
B1 SI T2 F3 8.8 13.6 20.6 20.6 
B1 SI T2 F4 9.2 22.7 25.8 30.7 
B1 S2 T1 11 16.3 23.3 24.7 26.3 
B1 S2 T1 F1 12.2 • 20.3 21.9 25.1 
B1 S2 T1 F2 8.4 12.7 16.9 21.0 
B1 S2 T1 F3 12.1 15.9 20.2 17.3 
B1 S2 T1 F4 10.5 13.1 16.1 21.2 
B1 S2 T2 11 14.8 24.2 24.8 23.9 
B1 S2 T2 F1 13.0 21.0 25.8 23.3 
B1 S2 T2 F2 15.4 20.6 21.6 19.0 
BI S2 T2 F3 14.8 22.1 26.2 25.1 
B1 S2 T2 F4 14.6 23.4 21.1 21.6 
B2 SI T1 11 16.5 20,6 18.7 17.3 
B2 SI T1 F1 10.8 18.1 20.1 18.9 
B2 SI T1 F2 12.1 15.3 18.0 18.2 
B2 SI T1 F3 12.3 19.8 21.7 19.0 
B2 SI T1 F4 12.8 17.3 22.0 20.4 
B2 SI T2 11 13.6 21.8 21.3 19.4 
B2 SI T2 F1 14.2 18.2 19.1 19,7 
B2 SI T2 F2 14.9 21.8 23.7 21.6 
B2 SI T2 F3 15.9 16.5 21.0 20.4 
B2 SI T2 F4 13.6 20.2 20.9 19.2 
B2 S2 T1 11 13.1 18.4 20.4 18.3 
B2 S2 T1 F1 15.9 16.5 21.0 20.4 
B2 S2 T1 F2 13.7 18.0 19.2 19.2 
B2 S2 T1 F3 18.8 16.1 20.0 19.9 
B2 S2 T1 F4 9.0 21.3 20.6 18.4 
B2 S2 T2 11 14.8 21.6 21.0 23.2 
B2 S2 T2 F1 11.9 17.2 21.1 18.6 
B2 S2 T2 F2 12.7 18.5 18.6 17.7 
B2 S2 T2 F3 19.8 19.3 15.7 17.8 
B2 S2 T2 F4 20,1 16.5 17.8 16.7 
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Table E.6 (Continued) 
Block Till Track Grid 
B3 SI T1 11 
B3 SI T1 F1 
B3 SI T1 F2 
B3 SI T1 F3 
B3 SI T1 F4 
B3 SI T2 11 
B3 SI T2 F1 
B3 SI T2 F2 
B3 SI T2 F3 
B3 SI T2 F4 
B3 S2 T1 11 
B3 S2 T1 F1 
B3 S2 T1 F2 
B3 S2 T1 F3 
B3 32 T1 F4 
B3 S2 T2 11 
B3 S2 T2 F1 
B3 S2 T2 F2 
B3 S2 T2 F3 
B3 S2 T2 F4 
B4 SI T1 11 
B4 SI T1 F1 
B4 SI T1 F2 
B4 SI T1 F3 
B4 SI T1 F4 
B4 SI T2 11 
B4 SI T2 F1 
B4 SI T2 F2 
B4 SI T2 F3 
B4 SI T2 F4 
B4 S2 T1 11 
B4 S2 T1 F1 
B4 S2 T1 F2 
B4 S2 T1 F3 
B4 S2 T1 F4 
B4 S2 T2 11 
B4 S2 T2 F1 
B4 S2 T2 F2 
B4 S2 T2 F3 
B4 S2 T2 F4 
Depth(Cm) 
O
 
1 
1 
1 
I-
» 
1 
O
 
1 
10-20 20-30 30-40 
14.1 18.8 18.5 16.6 
11.4 15.2 16.3 16.3 
12.4 14.1 17.2 16.1 
13.3 19.4 19.6 18.8 
11.0 12.9 16.9 18.0 
17.5 18.2 18.8 17.3 
14.0 15.4 19.1 17.8 
12.8 17.2 24.7 23.4 
12.8 15.0 14.9 16.9 
12.4 19.5 22.1 20.7 
12.9 16.1 19.2 17.9 
12.8 15.0 14.9 16.9 
9.4 16.6 18.6 21.0 
12.1 15.9 19.4 20.5 
13.0 21.8 23.1 22.7 
14.3 20.2 17.5 18.3 
14.5 14.2 17.9 18.3 
13.2 19.3 19.0 19.2 
12.9 17.3 18.7 17.8 
14.0 15.5 16.7 18.1 
18.7 24.2 23.2 21.8 
21.9 16.5 20.3 20.3 
9.0 15.7 18.6 19.2 
14.4 18.3 20.0 17.0 
11.9 15.1 15.2 17.5 
20.2 25.1 23.1 21.1 
12.7 18.8 23.8 22.0 
12.0 20.1 20.2 19.7 
15.4 19.1 22.3 19.3 
12.1 16.9 18.7 20.1 
18.5 21.8 24.8 10.6 
15.4 19.1 22.3 19.3 
11.7 14.6 19.1 20.9 
12.0 19.3 19.3 21.2 
11.6 13.4 18.1 18.6 
19.0 22.2 23.0 21.0 
11.8 18.1 21.5 21.6 
12.8 18.2 19.3 16.7 
10.4 18.8 21.2 19.4 
10.4 16.1 19.3 19.2 
Table E.7. Analysis of variance of emergence percentages (Experiment 
2, 1985) 
Days after planting 
Source 
DF 8 10 
MS F MS F MS 
Tillage(s) 1 2.6 <1 2.6 <1 70.1 
Traffic(F) 3 166.7 2.50* 202.1 2.74* 138.6 
Track(T) 1 1235.4 18.49*** 1130.6 15.32*** 546.4 
SxF 3 71,3 1.07 120.1 1.63 101.2 
SxT 1 21.6 <1 26.3 <1 23.8 
FxT 3 32.0 <1 36.2 <1 11.2 
SxFxT 3 95.2 1.43 50.3 <1 30.4 
Error 48 66.8 — 73.8 — 54.1 
Corrected 
Total 63 
S^ignificant at 0.10 probability level. 
**Signifleant at 0.05 probability level. 
***Significant at 0.01 probability level. 
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12 20 45 
F MS F MS F 
1.30 0.4 <1 1.3 <1 
2.56* 56.8 1.82 16.8 <1 
10.1*** 221.3 7.09** 310.6 11.63*** 
1.87 28.3 <1 57.2 2.14 
<1 21.4 <1 6.8 <1 
<1 33.7 1.08 23.2 <1 
<1 33.0 1.06 35.3 1.32 
— 31.2 — 26.7 — 
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Table E.g. Analysis of variance of plant heights and plant dry matter 
weights 53 days after planting (Experiment 2, 1985) 
Source DF 
Plant heights 
T\Tr 
Plant dry matter weight 
MS F 
UJL' 
MS F 
Tillage(s) 1 227.4 2.54 1 37973 2.74 
Traffic(F) 3 68.9 <1 3 15958 1.15 
Track(T) 1 78.6 <1 1 5661 <1 
SxF 3 5.5 <1 3 23569 1.70 
SxT 1 117.4 1,31 1 1156 <1 
FxT 3 184.6 . 2.06 3 22288 1.61 
SxFxT 3 84.4 <1 3 829 <1 
Error 48 89.6 — —  39 13863 
Corrected 
Total 63 54 
Table E.9. Analysis of variance of tasseling percentages (Experiment 2, 1985) 
Days after planting 
Source DF 61 63 65 68 
MS F MS F MS F MS F 
Tillage(S) 1 49.8 2.28 1300.5 5.85** 1759.1 6.24** 805.8 3.78* 
Traffic(F) 3 32.8 1.50 334.3 1.50 243.2 <1 150.3 <1 
Track(T) 1 83.9 3.85* 599.6 2.69 2409.0 8.54*** 655.9 3.08* 
SxF 3 18.8 <1 31.7 <1 82.8 <1 41.4 <1 
SxT 1 39.2 1.80 39.5 <1 160.8 <1 308.0 1.45 
FxT 3 36.6 1.68 93.2 <1 51.9 <1 170.8 <1 
SxFxT 3 10.3 <1 193.9 <1 129.2 <1 62.8 <1 
Error 48 21.8 — 222.2 282.0 212.9 
Corrected 
Total 63 
*Signifleant at 0.10 probability level. 
**Signifleant at 0.05 probability level. 
***Signifleant at 0.01 probability level. 
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Table E.IO. Analysis of variance of grain .yield and grain moisture 
(Experiment 2, 1985) 
Grain yield Grain moisture 
Source DF DF 
MS F MS F 
Tlllage(S) 1 0.1 <1 1 33.3 2.28 
Traffic(F) 3 0.48 <1 3 7.5 <1 
Track(T) 1 1.1 <1 1 9.3 <1 
SxF 3 0.0 <1 3 3.8 <1 
SxT 1 1.0 <1 1 . 17.1 1.17 
FxT 3 . 0.5 <1 3 7.0 <1 
SxFxT 3 1.2 <1 3 11.9 <1 
Error 46 2.1 <1 47 14.6 — 
Corrected 
Total 61 62 
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Table E.ll. Analysis of variance of soil penetration resistances and 
gravimetric moisture contents (Experiment 2, 1985) 
Source DF 
Penetration resistance 
rtn 
Moisture content 
MS F 
'  UV 
MS F 
Tillage(S) 1 54074 <1 1 1.5 <1 
Track(T) 1 161833 <1 1 57.4 1.96 
SxT 1 581455 <1 1 0.0 <1 
Error(l) 12 1461743 12 29.3 
Subtotal(l) 15 15 
Grid(G) 4 272713 <1 4 52.1 4.04*** 
GxS 4 539662 1.37 4 13.1 1.02 
GxT 4 255846 <1 4 17.4 1.35 
Error(2) 52 394063 52 12.9 
Subtotal(2) 79 79 
Depth(D) 10 7908866 36.15*** 3 789.6 154.8** 
DxS 10 950735 4.35*** 3 1.6 <1 
DxT 10 319725 1.46 3 3.8 <1 
DxG 40 189576 <1 12 10.4 2.03** 
Error(3) 730 218789 219 5.1 
Corrected 
Total 879 319 
**Significant at 0.05 probability level. 
***Signifleant at 0.01 probability level. 
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APPENDIX F. DATA AND ANALYSES, EXPERIMENT 2, 1986 
Table F.l. Percentage emergence 
Block Till Traffic 
B1 SI F1 
B1 SI F2 
B1 SI F3 
B1 SI F4 
B1 S2 F1 
B1 S2 F2 
B1 S2 F3 
B1 S2 F4 
B2 SI F1 
B2 SI F2 
B2 SI F3 
B2 SI F4 
B2 S2 F1 
B2 S2 F2 
B2 S2 F3 
B2 S2 F4 
B3 SI F1 
B3 SI F2 
B3 SI F3 
B3 SI F4 
B3 S2 F1 
B3 S2 F2 
B3 S2 F3 
B3 S2 F4 
8 
25 
87 
78 
52 
45 
72 
55 
3 
68 
83 
73 
32 
73 
87 
80 
17 
50 
58 
33 
35 
75 
62 
53 
53 
Plants emerged 
Days after planting 
10 11 13 45 
78 82 85 87 
97 97 97 97 
87 93 95 95 
92 97 100 100 
82 90 92 92 
97 100 100 103 
92 95 97 100 
33 73 80 82 
83 90 90 93 
95 100 100 100 
92 92 92 92 
53 67 68 75 
82 90 92 92 
98 98 98 98 
92 92 92 92 
83 92 95 98 
92 93 97 97 
90 90 93 93 
75 75 75 82 
77 78 82 82 
92 95 97 98 
83 85 85 85 
85 88 88 88 
80 80 80 82 
Table F.l (Continued) 
Block Till Traffic 
B4 SI F1 
B4 SI F2 
B4 SI F3 
B4 SI F4 
B4 S2 F1 
B4 S2 F2 
B4 S2 F3 
B4 S2 F4 
Plants emerged 
Days after planting 
8 10 11 13 45 
- -  ( % )  —  
20 68 75 77 77 
55 77 85 85 85 
50 70 75 77 77 
38 65 73 73 73 
33 70 80 85 87 
80 93 93 93 93 
63 85 87 87 87 
43 77 80 83 83 00 
o\ 
Table F.2. Plant heights 53 days 
Block Till Traffic 
El SI F1 
B1 SI F2 
B1 SI F3 
B1 SI F4 
B1 S2 F1 
El S2 F2 
El S2 F3 
El S2 F4 
B2 SI F1 
B2 SI F2 
B2 SI F3 
E2 SI F4 
B2 S2 F1 
E2 S2 F2 
B2 S2 F3 
B2 S2 F4 
B3 SI F1 
E3 SI F2 
E3 SI F3 
B3 SI F4 
B3 S2 F1 
E3 S2 F2 
B3 S2 F3 
B3 S2 F4 
1 2 
104 81 
160 132 
147 165 
150 152 
147 155 
150 157 
160 157 
104 104 
137 124 
160 152 
137 157 
142 140 
119 124 
150 147 
135 135 
91 119 
142 155 
147 145 
140 142 
109 119 
150 150 
165 157 
155 160 
155 142 
after planting 
Plant heights 
Plant No. 
3 4 5 6 7 8 9  1 0  
117 102 104 145 147 145 145 132 
147 150 160 160 170 155 155 145 
165 170 140 165 168 168 168 168 
157 157 152 140 147 147 150 140 
152 147 150 130 160 145 157 145 
155 137 145 150 155 157 175 145 
132 147 160 163 137 132 127 142 
84 74 94 89 69 76 84 69 
122 155 137 135 145 157 170 140 
147 155 152 165 155 137 130 135 
163 160 157 152 150 142 135 163 
145 147 127 142 142 107 155 117 
124 147 155 163 168 147 152 137 
150 152 130 142 150 163 157 147 
165 150 163 155 152 163 147 163 
117 127 135 130 124 107 130 150 
152 155 155 160 163 147 140 150 
145 145 135 145 140 132 135 137 
155 142 147 140 145 147 150 155 
104 145 145 140 147 145 137 142 
157 150 117 112 152 147 150 145 
170 175 157 147 160 180 165 165 
163 150 152 163 157 155 163 152 
157 152 152 114 140 147 132 152 
Table F.2 (Continued) 
Block Till Traffic 
B4 SI F1 
B4 SI F2 
B4 SI F3 
B4 SI F4 
B4 S2 F1 
B4 S2 F2 
B4 S2 F3 
B4 S2 F4 
Plant heights 
Plant No. 
1 2 3 4 5 6 7 8 9  1 0  
cm 
127 147 155 132 130 122 130 132 132 112 
152 152 140. 142 119 127 142 157 142 122 
142 147 147 150 132 155 142 117 147 165 
124 132 132 135 147 132 109 124 137 119 
145 81 142 135 119 104 127 94 122 117 
155 142 152 145 142 145 150 163 152 155 
160 170 168 170 178 175 160 170 170 152 
122 112 119 150 122 135 114 124 112 122 
Table f.3. Dry; imatter weight and percentage tasseling 
Plant Plants tasseled 
Dry imatter weight 
Days after planting 
Block Till Traffic 53 58 59 61 65 
g/plant (%) 
59 85 87 100 100 
86 72 74 91 100 
97 86 86 94 98 
103 37 48 83 100 
78 73 80 95 98 
103 54 59 87 100 
101 69 73 94 100 
97 71 83 96 100 
84 58 63 96 100 
83 35 40 77 100 
109 58 67 85 96 
69 54 66 85 100 
84 67 73 94 100 
55 88 90 96 100 
88 87 88 96 98 
121 11 18 70 100 
68 65 72 98 100 
93 56 60 86 100 
90 53 56 84 100 
83 70 77 91 98 
107 77 81 96 100 
74 79 84 93 100 
89 75 79 98 100 
9 2  0  0  5 .  8 6  
B1 SI F1 
B1 SI F2 
B1 SI F3 
El SI F4 
B1 S2 F1 
B1 S2 F2 
B1 S2 F3 
B1 S2 F4 
B2 SI F1 
B2 SI F2 
B2 SI F3 
B2 SI F4 
B2 S2 F1 
B2 S2 F2 
B2 S2 F3 
B2 S2 F4 
B3 SI F1 
B3 SI F2 
B3 SI F3 
B3 SI F4 
B3 S2 F1 
B3 S2 F2 
B3 S2 F3 
B3 S2 F4 
Table F.3 (Continued) 
Block Till Traffic 
B4 SI F1 
B4 SI F2 
B4 SI F3 
B4 SI F4 
B4 S2 F1 
B4 S2 F2 
B4 S2 F3 
B4 S2 F4 
Plant 
Dry matter weight 
Plants tasseled 
53 
g/plant 
68 
113 
75 
93 
66 
102 
112 
80 
Days after planting 
58 59 61 65 
- (%) -
39 52 72 100 
67 77 94 100 
57 71 92 98 
57 59 88 94 
69 71 87 100 
32 42 75 96 
85 92 96 100 
55 74 89 95 
Table F.4. Soil penetration resistance, 60 days after planting 
Depth(cm) 
Block Till Traffic Grid Repeat 0-5 5-10 10-15 15-20 20-25 25-30 
B1 SI 11 G1 HI 868 892 1010 971 1113 1081 
HI SI 11 G1 R2 750 631 1073 1160 1121 947 
B1 SI 11 G2 R1 403 821 1058 1050 1113 1184 
B1 SI 11 G2 R2 537 939 1050 1089 1026 1050 
B1 SI 12 G1 R1 592 900 1318 1271 852 789 
El SI 12 G1 R2 608 797 1239 1215 916 916 
El SI 12 G2 R1 963 1176 1397 1413 1287 979 
El SI 12 G2 R2 1247 1334 1618 1531 1271 829 
B1 SI F3 G1 R1 537 1113 1784 1547 1358 1184 
B1 SI F3 G1 R2 576 1350 2904 2865 2281 2092 
El SI F3 G2 R1 1168 1539 1579 , 1586 1934 1847 
El SI F3 G2 R2 1413 1760 1689 1421 1902 1705 
El S2 11 G1 R1 426 813 1089 1129 1002 1066 
El S2 11 G1 R2 521 813 1010 1208 1050 1081 
El S2 11 G2 R1 79 908 1026 1239 1081 931 
El S2 11 G2 R2 182 142 1137 1137 1089 979 
B1 S2 12 G1 R1 355 560 1089 2336 3118 2983 
El S2 12 G1 R2 497 758 916 1287 1050 1223 
El S2 12 G2 R1 513 710 994 1365 1728 1800 
B1 S2 12 G2 R2 1294 1657 1657 2518 2076 1373 
B1 S2 F3 G1 R1 2013 1657 1847 1365 1026 971 
El S2 F3 G1 R2 1555 2210 2068 1152 1050 947 
B1 S2 F3 G2 R1 1492 1444 1429 1129 979 1097 
B1 S2 F3 G2 R2 1697 1728 1579 1121 1042 1058 
Table F.4 (Continued) 
Block Till Traffic Grid Repeat 
B2 SI 11 G1 R1 
B2 SI 11 G1 R2 
B2 SI 11 G2 R1 
B2 SI 11 G2 R2 
B2 SI 12 G1 R1 
B2 SI 12 G1 R2 
B2 SI 12 G2 R1 
B2 SI 12 G2 R2 
B2 SI F3 G1 R1 
B2 SI F3 G1 R2 
B2 SI F3 G2 R1 
B2 SI F3 G2 R2 
B2 S2 11 G1 R1 
B2 S2 11 G1 R2 
B2 S2 11 G2 R1 
B2 S2 11 G2 R2 
B2 S2 12 G1 R1 
B2 S2 12 G1 R2 
B2 S2 12 G2 R1 
B2 S2 12 G2 R2 
B2 S2 F3 G1 R1 
B2 S2 F3 G1 R2 
B2 S2 F3 G2 R1 
B2 S2 F3 G2 R2 
Depth(cm) 
0-5 5-10 10-15 15-20 20-25 25-30 
1152 1200 1137 • 813 789 908 
702 1026 1113 892 813 947 
963 1239 1152 1215 1121 963 
1373 1287 1547 1484 931 813 
608 1192 1855 2021 1807 1429 
481 1137 1373 1760 1571 1373 
1247 1397 1468 1871 1713 1365 
884 1721 2076 2084 1902 1334 
758 994 1239 1042 916 1010 
852 1010 1436 1342 900 821 
2123 1429 2052 1910 1239 963 
1302 1397 1294 1342 1113 821 
900 1152 1271 1294 1105 852 
545 1050 1066 1010 829 900 
592 1255 1523 1365 868 892 
671 1334 1326 1152 900 813 
339 237 655 1318 1113 1113 
371 750 1073 1010 1026 1168 
1002 1476 1373 1310 1050 971 
718 1452 1602 1492 1034 868 
300 837 1010 963 979 852 
260 955 1113 1097 884 876 
1255 1263 1492 1247 900 876 
1334 1610 1452 1089 884 868 
Table F.4 (Continued) 
Block Till Traffic Grid Repeat 0-5 5-10 
B3 SI 11 G1 R1 1957 2068 
B3 SI 11 G1 R2 1342 1365 
B3 SI 11 G2 R1 1594 1507 
B3 SI 11 G2 R2 1981 2021 
B3 SI 12 G1 R1 466 1018 
B3 SI 12 G1 R2 481 1050 
33 SI 12 G2 R1 1405 1878 
B3 SI 12 G2 R2 1871 1484 
B3 SI F3 G1 R1 608 939 
B3 SI F3 G1 R2 821 821 
B3 SI F3 G2 R1 1484 1460 
B3 SI F3 02 R2 2013 2013 
B3 S2 . 11 G1 R1 1129 2013 
B3 S2 11 G1 R2 1089 1681 
B3 S2 11 G2 R1 639 916 
B3 S2 11 G2 R2 537 971 
B3 S2 12 G1 R1 671 797 
B3 S2 12 G1 R2 766 971 
B3 S2 12 G2 R1 379 813 
B3 S2 12 G2 R2 718 1208 
B3 S2 F3 G1 R1 1571 2242 
B3 S2 F3 G1 R2 829 1318 
B3 82 F3 G2 R1 237 1176 
B3 S2 F3 G2 R2 403 797 
Depth(cm) 
10-15 15-20 20-25 25-30 
2052 2084 1618 1350 
2242 1934 1831 1492 
1326 1728 1'697 1515 
2123 2021 1665 1547 
1223 1555 1468 1137 
1247 1184 1279 1279 
2155 2226 1657 1610 
1768 1926 1713 1350 
1618 1594 1500 1200 
1586 1421 1334 1397 
1926 1910 1776 1507 
2210 2052 1547 1405 
2242 1302 1500 1673 
2368 1855 1744 1476 
1365 1886 1776 1602 
1863 2163 1957 1460 
750 1302 1263 1342 
1200 1239 1247 1263 
1208 1365 1302 1350 
1492 1436 1444 1287 
2131 1752 1389 1326 
1752 1436 1192 1421 
1744 1294 1397 1515 
1523 1287 1342 1239 
Table F.4 (Continued) 
Block Till Traffic Grid Repeat 
B4 SI 11 G1 R1 
B4 SI 11 G1 R2 
B4 SI 11 G2 R1 
B4 SI 11 G2 R2 
B4 SI 12 G1 R1 
B4 SI 12 G1 R2 
B4 SI 12 G2 R1 
B4 81 12 G2 R2 
B4 SI F3 G1 R1 
B4 SI F3 G1 R2 
B4 SI F3 G2 R1 
B4 SI F3 G2 R2 
B4 S2 11 G1 R1 
B4 S2 11 G1 R2 
B4 S2 11 G2 R1 
B4 S2 11 G2 R2 
B4 S2 12 G1 R1 
B4 S2 12 G1 R2 
B4 S2 12 G2 R1 
B4 S2 12 G2 R2 
B4 S2 F3 G1 R1 
B4 S2 F3 G1 R2 
B4 S2 F3 G2 R1 
B4 S2 F3 G2 R2 
Depth(cm) 
0-5 5-10 10-15 15-20 20-25 25-30 
kPa 
955 1137 1192 884 884 821 
1066 994 1239 916 750 695 
742 1073 1460 1452 1066 884 
1760 1902 1713 1365 1058 845 
734 639 1129 1358 1255 1500 
884 710 1144 1223 1050 1215 
568 931 781 1515 1586 1705 
1492 1358 1444 1507 1618 1547 
1042 939 1294 1373 1500 1350 
860 1081 1239 1073 1294 1152 
1665 1886 1705 1839 1563 1436 
1815 1657 1507 1271 1579 1476 
1081 1350 1373 1208 979 923 
994 1144 1034 1034 931 908 
1192 1673 1468 1129 979 892 
663 1413 1626 1152 1050 931 
221 797 1381 1476 1886 1823 
268 734 1350 1642 1657 1847 
1302 1334 1981 2352 1926 2013 
1389 1231 1886 2115 1863 1492 
742 1413 1326 1168 1050 971 
892 1389 1334 1160 845 971 
1137 1642 1855 1594 939 971 
1571 1744 1665 1421 1215 1073 
Table F.5. Gravimetric soil moisture contents, 60 days after planting 
Block Till Traffic Grid 
B1 SI 11 G1 
B1 SI 11 G2 
B1 SI 12 G1 
B1 SI 12 G2 
B1 SI F3 G1 
B1 SI F3 G2 
B1 S2 11 G1 
B1 S2 11 G2 
B1 S2 12 G1 
B1 S2 12 G2 
B1 S2 F3 G1 
B1 S2 F3 G2 
B2 SI 11 G1 
B2 SI 11 G2 
B2 SI 12 G1 
B2 SI 12 G2 
B2 SI F3 G1 
B2 SI F3 G2 
B2 S2 11 G1 
B2 S2 11 G2 
B2 S2 12 G1 
B2 S2 12 G2 
B2 S2 F3 G1 
B2 S2 F3 G2 
Depth(cm) 
o
 $ o 10-20 20-30 
(Of \ 
27.8 32.4 34.3 
25.2 30.6 34.9 
26.3 31.3 32.6 
23.1 31.5 31.9 
19.9 23.4 26.2 
16.7 18.8 20.4 
30.8 33.1 34.6 
23.9 28.1 32.5 
21.1 18.9 20.7 
16.2 17.5 21.7 
19.8 23.8 26.8 
16.6 24.6 43.3 
22.6 24.6 25.9 
20.9 23.9 25.9 
23.1 21.3 23.9 
17.1 20.9 24.7 
24.4 27.2 26.3 
21.6 26.5 27.6 
22.0 24.9 25.0 
21.5 26.6. 25.9 
17.7 23.3 25.7 
22.1 25.6 24.4 
23.6 26.9 24.7 
23.4 24.9 26.3 
Table F.5 (Continued) 
Block Till Traffic Grid 
B3 SI 11 G1 
B3 SI 11 G2 
33 SI 12 G1 
B3 SI 12 G2 
B3 SI F3 G1 
B3 SI F3 G2 
B3 S2 11 G1 
B3 S2 11 G2 
B3 S2 12 G1 
B3 S2 12 G2 
B3 S2 F3 G1 
B3 S2 F3 G2 
B4 SI 11 G1 
B4 SI 11 G2 
B4 SI 12 G1 
B4 SI 12 G2 
B4 SI F3 G1 
B4 SI F3 G2 
B4 S2 11 01 
B4 S2 11 G2 
B4 S2 12 G1 
B4 S2 12 G2 
B4 S2 F3 G1 
B4 S2 F3 G2 
Depth(cm) 
0-10 10-20 20-30 
(%) — 
21.6 21.9 21.9 
18.7 21.2 21.9 
22.7 20.3 22.4 
20.7 20.7 20.4 
21.9 22.5 20.9 
22.7 21.8 21.7 
20.9 21.7 26.1 
20.1 23.1 25.6 
22.8 24.2 19.1 
22.5 27.3 25.0 
21.8 24.3 24.1 
19.4 23.6 23.8 
31.4 27.7 26.2 
26.6 28.4 26.6 
22.8 24.4 25.9 
25.1 26.2 27.9 
27.2 27.4 25.5 
22.2 25.7 27.2 
27.8 28.9 25.5 
27.1 28.4 25.5 
23.8 25.6 25.0 
21.5 22.9 23.2 
26.5 29.7 19.0 
26.4 29.4 31.4 
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Table F.6. Grain yield and moisture 
Block Till Traffic Yield Grain Moisture 
(t/ha) (%) 
Bl SI F1 8.87 19.6 
B1 SI F2 9.26 18.7 
Bl SI F3 9.46 19.0 
Bl SI F4 9.49 23.3 
Bl S2 F1 8.42 24.0 
Bl S2 F2 7.52 18.7 
Bl S2 F3 8.66 24.0 
Bl S2 F4 5.72 20.3 
B2 SI F1 5.92 17.3 
B2 •SI F2 7.02 18.2 
B2 SI F3 8.27 23.7 
B2 SI F4 7.79 24.0 
B2 S3 F1 7.07 23.4 
B2 S2 F2 7.70 24.1 
B2 S2 F3 . 8.50 23.3 
B2 S2 F4 10.62 24.3 
B3 SI F1 8.56 18.3 
B3 Si F2 9.92 23.7 
B3 SI F3 9.34 24.0 
B3 SI F4 7.34 18.5 
B3 S2 F1 5.72 18.2 
B3 S2 F2 7.27 22.9 
B3 S2 F3 6.45 19.1 
B3 S2 F4 8.91 24.1 
B4 SI F1 5.86 19.9 
B4 SI F2 7.63 23.3 
B4 SI F3 8.94 21.2 
B4 SI F4 6.32 22.6 
B4 • S2 F1 6.77 19.9 
B4 S2 F2 8 31 24.0 
B4 S2 F3 8.59 24.1 
B4 S2. F4 8.26 23.5 
Table F. 7. Analysis of variance of emergence percentages (Experiment 2, 1986) 
Days after planting 
Source DF 8 10 11 13 15 
MS F MS F MS F MS F MS F 
Soil(S) 1 94 <1 33 <1 105 1.62 111 1.68 94 1.53 
Traffic(F) 3 2061 6.96*** 592 4.09** 243 3.75** 173 2.61* 127 2.06 
S X F 3 209 <1 39 <1 8 <1 8 <1 6 <1 
Error 24 296 145 65 
— 
66 62 
Corrected 
Total 31 
*Significant at 0.10 probability level. 
**Significant at 0.05 probability level. 
***Significant at 0.01 probability level. 
Table F.8. Analysis of variance of plant heights and plant dry matter weights 53 days after 
planting (Experiment 2, 1986) 
Plant heights Dry matter weight 
Source 
DF MS F DF MS F 
Tillage(S) 1 7.5 <1 <1 181 < 1 
Traffic(F) 3 1084.3 6.74*** 3 521 2.12 
S X F 3 282.4 1.76 3 229 1 
Error 24 160.9 24 246 
Corrected 
Total 31 31 
***Significant at 0.01 probability level. 
Table F.9. Analysis of variance of tasseling percentages (Experiment 2, 1986) 
Days after planting 
Source 58 59 61 65 
DF MS F MS F MS F MS F 
Tillage(S) 1 59 < 1 32 < 1 74 < 1 4 < 1 
Traffic(F) 3 1101 2.99* 835 2.16 481 1.84 16 2.00 
SxF 3 500 1.36 400 1.03 327 1.20 6 < 1 
Error 24 368 385 261 8 
— 
Corrected 
Total 31 
*Significant at 0.10 probability level. 
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Table F.IO. ANOVA of soil penetration resistances (Experiment 2, 1986) 
Souree DF MS F 
Tillage(S) 1 745494 1.04 
Traffle(F) 2 639006 <1 
SxF 2 129592 <1 
Error(1) 18 713455 — 
Subtotal(1) 23 
Grld(G) 1 2200389 14.99*** 
GxS 1 636555 4.34** 
GxF 2 456480 3.11* 
Error(2) 20 146766 — 
Subtotal(2) 47 
Depth(D) 5 1770643 28.21*** 
DxS 5 85209 1.36 
DxF 10 384014 5.54*** 
DxG 5 128517 — 
Error(3) 215 62770 — 
Corrected 
Total 287 
*Slgnifleant at 0.10 probability level. 
**Slgnlfleant at 0.05 probability level. 
***Slgnlfleant at 0.01 probability level. 
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Table F.11. Analysis of variance of gravimetric soil moisture content 
(Experiment 2, 1986) 
Source DF MS F 
Tillage(S) 1 0.2 < 1 
Traffic(F) 2 87.5 1.52 
SxF 2 41.1 <1 
Error (1) 18 57.5 — 
Subtotal(1) 23 
Grid(G) 1 5.9 <1 
GxS 1 18.3 2.47 
GxF 2 4.7 <1 
Error(2) 20 7.4 
Subtotal(2) 47 
Depth(D) 2 137.5 18.58*** 
DxS 2 2.2 <1 
DxF 4 1.2 <1 
DxG 2 33.7 4.55** 
Error(3) 86 7.4 
— — 
Corrected 
Total 143 
*Significant at 0.05 probability level. 
***Slgnificant at 0.01 probability level. 
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Table F.12. Analysis of variance of grain yield and grain moisture 
(Experiment 2, 1985) 
Grain Yield Grain Moisture 
Source DF MS F DF MS F 
Tillage(S) 1 0.9 <1 1 15.9 2.84 
Traffic(F) 3 2.7 1.59 3 10.0 . 1.78 
SxF 3 1.0 <1 3 1.5 <1 
Error 24 1.7 - 24 5.6 -
Corrected 
Total 31 31 
